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ABSTRACT
This dissertation describes the preparation of two classes of compounds: 
cyclopentadienes and pyrroles. These compounds are key elements in the synthesis of 
conducting materials.
A general novel methodology for the cyclopentadienylannulation of strained 
cycloalkynes has been developed. Bromination of 1,5-cycloctadiene produces 1,2,5,6- 
tetrabroraocyclooctane, which under further treatment with DBU eliminates two moles 
of H6 r to produce a mixture of 2 diastereomeric bisvinylbromides. These isomers 
eliminate one mol of HBr when treated with r-BuOK under phase transfer conditions 
producing a cyclooctene-yne. This bromoalkyne reacts in situ with dimethylfulvene in a 
sealed tube at 100 °C to produce a Diels-Alder adduct. Treatment of this adduct with t- 
BuOK eliminates one mole of HBr producing a new cyclooctyne. Diels-Alder reaction 
of this alkyne in situ with dimethylful vene produces a mixture of two diastereomeric 
pentacyclo hydrocarbons. Mild hydrogenation of these hydrocarbons using I atm of 
and Ni-P2 reduces the less hindered double bonds producing a mixture of two 
diastereomers. Flash vacuum pyrolysis of these colorless reduced products at 550 "C 
produces a bright yellow bis(cyclopentadienyl) compound.
A methodology to obtain acetylenepyrroles and arenepyrroles has been 
developed. N-potassium pyrrole reacts twice with tetrachloroethylene to produce a 1,2- 
dichloro-l,2-dipyrroleethylene, which under treatment with an equimolar amount of 
butyilithium produces dipyrroleacetylene. This alkyne trimerizes upon treatment with 
Vollhardt's catalyst producing hexapyrrolebenzene in 3% yield. This hexapyrrole 
derivative can be obtained in an improved 90% yield by the reaction of 
hexafluorobenzene with N-potassium pyrrole. In the same way pentafluorobenzene, 
pentafluoropyridine, decafluoronaphthalene and 2,3-dichloroquinoxaline react with N- 
potassium pyrrole producing their corresponding substituted pyrrole derivatives. 
Treatment of 2-methylpyrrole with potassium in THF produces its N-potassium salt.
XI
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Reaction of N-potassium-2-pyrrole with 2,3-dichloroquinoxaline and 2,3,5,6- 
tetrafluoropyridine produces the corresponding substitution products.
X U
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CHAPTER 1 
INTRODUCTION
1.1 Synthesis of Colum nar Metallocenes firom Cydopentadlenophanes
1.1.1 Goal
The goal of this research is to generate cyclopentadienyl analogs of cyclophanes 
which are expected to show a powerful interaction of the tc-electrons of the 
cyclopentadienyl rings enforced by proximity. Complexation of the exo ic-faces of 
these modified cyclophanes will be used to synthesize molecular and macromolecular 
metallocenes that are likely to exhibit facile electron transfer. Figure I.
l,2,4,5-[2.4]-
cyclophane
1,2,4-TECp
R Cp*M(acac)
R R  r R lM  = Fe 
2M  = Co 
3 M = Mn
“ M
R R R R J
Hgute 1. Comparison of a Qrpical cyclophane with the proposed cyclopentadienophane 
and selective exo-face complexation of 1,2,4-triethano bridged bis(cyclopentadienide).
Examples of this kind of electron transfer in biferrocene have been well studied. 
The development of new synthetic methods to cyclopentadienophanes will allow the 
preparation of various metallocene derivatives as well as mixed metal combinations. 
Studies of bimetallic metallocenophanes will lay the foundation to explore the 
properties of polymeric columnar metallocenes.
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1.1.2 Background and Sgnificance
The studies performed on unidimensional conductors like the charge transfer 
salts, ^  polyacetylene, and other organic polymers ^  pmvtdes a good foundation to 
investigate new unidimensional conductors. Figure 2. The ic-ic stacking interactions 
responsible for the facili^ of electron transfer in columnar materials will also operate in 
the proposed columnar metallocenes. The molecular imeriayers present in columnar 
charge transfer salts and phthalocyanines are held at or slightly within the Van der 
Waals thickness of their stacks.
•s S "S'.s.
c x >=<x :d
C X X X D
ET-PFfi salt
PFfi-
PFfi-
u
or
I2
doping
polyacetylene polymetallophthalocyanine
Figure 2. Examples of one-dimensional conducting materials.
The electron transfer between tc-stacks does not depend only on efficient tc- 
stacking and chemical doping. Polarizability also plays a major role in decreasing the 
barrier to electron transfer.^ This effect is found in materials containing sulfur or 
selenium. The large 7C-surface area to ic-surface area interaction accounts the facility of 
electron transfers in the columnar metallophthalocyanines.^ Another way of increasing 
overlaping is to enforce proximity between the n-stacks. This is the rationale behind this 
research. For instance, cyclophanes like the one illustrated in Figure 1 exhibit enhanced 
7C-7C electronic interaction due largely to proximity.^ The three ethano bridges present 
in the proposed cyclophane guarantee enforced proximity between the x-stacks.
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1.13 Cyclophane and Metailocyclophane Completes
Low molecular weight columnar metallocenes based on cyclophane repeating 
units have been prepared by Boekelheide and Rosenblum.^*^ These complexes might 
be excellent unidimensional conductors if stable high molecular weight polymers could 
be prepared.
Some examples of columnar metallocenes which are structurally or functionally 
related to this research are illustrated in Figure 3. The columnar metallocenes prepared 
from benzofused cyclopentadienyl ligands (Katz and Hopf)^«^0 are much less stable 
than the cyclopentadienyl complexes. For instance bis(indenyl)iron is an air sensitive 
black solid while ferrocene is an air stable orange solid.
I
Hopf Rosenblum
RO,
Ph‘
Pb"
Jutzi
Figure 3. Columnar metallocenes.
Katz has been able to prepare cobaltocenium complexes of the bis(cyclopenta- 
dienyl) fused heptahelicene, but the ferrocene complexes were unstable. Neither Katz or 
Hopf have reported the mixed-valence properties of metallocene complexes based on 
these ligands.
Rosenblum's bis(cyclopentadienide) is easy to synthesize, but it suffers from the 
formation of the corresponding ferrocene when it was reacted with FeCl2.^^ This could 
result from metallation of an outside face of the ligand followed by rotation and 
intramolecular complexation of the other face.
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The interdeck distance between phenyl rings in ethano bridged cyclophanes is 
about 2.6-2.S Â and is expected to be similar to the proposed cyclopentadienophane. 
These distances are 0.2-0.4 Â shorter than the ones present in either 1,8-diphenyl- 
naphthalene or Rosemblum's ligand according to PC model calculations, Bgure 4.
2.96 À | X-Ray
Hgure 4. PC model calculations and comparison to 1,8-naphthyl bridged X-ray
structure.
Smaller Cp-Cp interfacial distances in the proposed cyclopentadienophane will 
result in greater through-space electronic interactions. Jutzi's and Kasahara's (not shown 
here) metallocenophanes don't have the Cp-Cp faces held as closely as in Rosemblum's 
ligand according to PC model c a l c u l a t i o n s . ^3,14 The three ethano bridges of the 
proposed cyclopentadienophane make Cp plane rotation impossible. Intramolecular 
metal complexation that can drastically reduce polymer chain growth is prevented in the 
proposed cyclopentadienophane.
1.2 Synthesis of Novel Ladder Polymers from Foly(pyrroleacetylenes)
1.2.1 Goals
The goal of this reserch is to synthesize 7C-conjugated ladder polymers expected 
to have high mechanical strength, high thermal stability, high electrical conductiviQr 
and interesting nonlinear optical properties. Functionalized pyrroleacetylenes will be 
polymerized and transformed by mild oxidation into novel fused poly(heteroaromatic) 
systems, like a twisted ribbon. Figure Sa, and in the form of a helix. Figure 5b.
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aFigure 5. Ladder polymers derived from poIy(pyrroIeacetyIenes).
1.2^ Background
The discovery of conductivity in doped poIy(acetylene) spurred a great deal of 
studies of electroactive polymers. In addition, these polymers exhibit large ultrafast 
nonlinear optical (NLO) properties and consequently have been studied as 
optoelectronic materials. The electrical and NLO properties of these materials depend 
on the conjugation length of the polymer. The conjugation length is directly related to 
the K-overlap along the polymer backbone which is determined by the planarity of the 
polymer and the number of its defects. While, linear conjugated polymers like 
poly(acetylene) and poly(thiophene) have large deviations from planarity, K-conjugated 
ladder polymers exhibit large conjugation length and therefore enhanced electron 
correlation.
While most linear conjugated polymers are easily degraded by air, ladder 
polymers show greater chemical, mechanical, and thermal stability. The superior 
stability of ladder polymers (as opposed to their linear analogs) will increase their 
practical applications as electronic and optoelectronic devices. Ladder polymers have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
generally poor solubility in organic solvents and as a consequence are difficult to 
prepare in high molecular weights. This problem is even more pronounced in tc- 
conjugated ladder polymers because of favorable intercham %-stacking interactions.
This inconvenience has been partially overcome ly  adding bulky side chains 
that inhibit interpolymer interactions. This approach was applied by Schliiter in the 
synthesis of ladder polymers by repetitive Diels-Alder reactions, nevertheless, these 
polymers lack full it-conjugation.^O On the other hand, a  large number of research 
groups are currently working on main chain polymer synthesis with reactive side chains 
using step growth polymerization techniques. In this way, the monomer units are 
ladderized in a second step. The main advantage of this method is that the precursor 
main chain polymers are often more soluble in typical organic solvents.
The use of living addition polymerization on functionalized acetylenes could 
increase molecular weights and reduce polydispersity of the main chain polymers. 
Masuda has obtained high molecular weight substituted poly(acetylenes) in good yields 
using in situ generated metathesis catalysts.21 The polymers obtained this way have 
molecular weights in excess of 1 million Daltons with good solubilities in organic 
solvents. However, the conjugation length is very short due to steric factors.
1.2.3 Monomer Design and Synthetic Plan
The exceptionally high molecular weights obtained by Masuda combined with 
the availability of the acetylenic monomers could produce thousands of poly- 
(acetylenes). Nevertheless, for the functionalized poly(acetylenes) to be suitable 
precursors to ladder polymers, the poly(acetylenic) side chains must be designed 
carefully. The ideal poly(acetylenic) side chains should not effect the metathesis 
polymerization and have a high tendency to react selectively with themselves. 
Poly(acetylenes) with terminal acetylene side chains have been p r e p a r e d . 2 2  The low 
reactivity of the side chains required high temperature pyrolysis conditions to induce 
side chain reactions that could also damage the poly(acetylene) framework. Therefore,
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the selection criteria for side chains is limited to those that couple under mild 
conditions, which are less likely to damage the poly(ace^leaic) main chain.
Pyrrole is a good candidate to be used as a  side chain in a poly(acetylenic) 
frameworic. Under mild oxidizing conditions the pyrrole xmits could couple producing 
ladderizadon and extended ic-conjugation. The monomers chosen to investigate the 
feasibility of this approach are N-ethynylpyrrole and l,2-^f,N'-dipyrrolyl)acetylene.
An improved synthesis of N-ethynylpyrrole was reported by Brandsma.^^ This 
compound is stable to water woric-up conditions unlike ynamines with greater n-donor 
character. 3-Alltyl derivatives of pyrrole are readily available and will be used in place 
of pyrrole in Brandsma's synthesis to prepare R group substituted pyrroleacetylenes. 
Figure 6.^^
H
• 1) KOt-Bu,THF Cl MfiLi
<r >   ^  N  ► I N -C S C H
2) a2C=cciH  ^y ^
Figure 6. Synthesis of a  N-ethynylpyrrole.
The parent acetylene containing two pyrrole units could be prepared following a 
procedure developed by V i e h e . 2 5  in the same way the 3-alkyl substituted pyrrole 
derivatives will be synthesized. Figure 7.
G O
oI  r  _  ]
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c
Ù
Rgure 7. Attempted synthesis of N,N -dipyrrolylacetylene.
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1.2.4 Polyinerization of Pyrroleacetyleiies
N-ethynylpyrrole could be polymerized under conditions used in the 
polymerization of p h e n o x y a c e t y l e n e . 2 6  Masuda has shown that diphenylacetylene and 
other substituted acetylenes polymerize well using TaCls or NbCls and cocatalysts.^^ 
We expect to obtain predominantly the trans, trans-poIy(acetylenes) after thermal 
treatment of the mixed cis and trans polymers with pyrrole and aUqrlpyrrole derived 
substituents. Figure 8.
Q
Figure 8. Synthesis of poly(diazaazulene).
The precedent for the ladderization of the functionalized poly(acetylene) is 
based on the extremely efficient intermolecular reaction, the oxidative polymerization 
of pyrrole. Mild oxidation of this polymer should lead to pyrrole coupling to generate 
intramolecular seven-membered rings. The novel resulting ladder polymer consists of 
fused diazaazulenes. The electronic properties of this polymer wUl depend upon the 
rinal oxidation state of the material. The most likely form wUl have one oxidized 
pyrrole for every neutral pyrrole. This is a unique hybrid structure of two of the most 
interesting electroactive polymers, poly(acetylene) and polyCpyrrole). The conjugation 
length of this ladder polymer is likely to be greater than either component linear 
polymer along with higher chemical stability than either component polymer. The 
closest analogy for this ladderization process comes from studies of the radical 
polymerization of N-vinylpyrrole derivatives followed by oxidative coupling to form a
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ladder polymer.^^ These studies differ from our proposed studies in that a saturated 
poly(ethylene) backbone was used. Apparently the formation of the intramolecular 
seven-membered ring is faster than the competitive intermolecular pyrrole coupling 
which would form cross-linked polymer.
- DipyrroleaceQrlene will he polymerized using conditions reported for the 
methathesis polymerization of diphenylaceQrlene, Figure 9.27
j|| MoQs
Î
0
elecnocfaemical
or chemical 
oxidation
Figure 9. Synthesis of poly(diazahelicene).
Unlike the N-pyrroleacetylene, here we propose ladderization firom the cis, cis- 
polyCaceQrlene) derivative. With tetrasubstituted poly(acetylenes), the energy barriers to 
interconversion and energy differences between the cis and trans forms are small. The 
cis polymer is the expected kinetic product and if necessary it will be oxidized 
(ladderized) at temperatures that allow rapid interconversion between the cis and trans 
forms, so that the entropically favored six-membered ring formation will compete 
efficiently with alternative intra- and intermolecular reactions.
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CHA PTER! 
SYNTHESIS OF NOVEL CYCLOPENTADIENES
2.1 Introduction
The Diels-Alder reaction is a very efficient method of synthesizing six- 
membered catbocycles. The analogous reaction of enes and dipolarophiles is limited to 
the synthesis of functionalized five-membered c a r b o c y c l e s . 2 8  Unfortunately, 
dipolarophiles require synthesis themselves and are far less structurally diverse than 
Diels-Alder dienes, Trost's 3 + 2 cycloaddition methodology is one of the most general 
methods of synthesizing five-membered carbocycles, but it is limited to Michael 
acceptor enes.^^ This chapter describes the synthetic equivalent of a 3 + 2 
cycloaddition, using a Diels-Alder/retro-Diels-Alder approach.^® Diels-Alder/retro- 
Diels-Alder sequences have seen modest use as a method to protect or stabilize 
d i e n o p h i l e s , 3 1  with the diene component remaining unchanged. Jung reported a Diels- 
Alder based cyclopentanoid synthesis wherein oxidative cleavage was used to cleave 
the norbomene ring of a Diels-Alder a d d u c t . 3 2  However, Katz's synthesis of 
dihydropentalene marked an early use of a Diels-Alder/retro-Diels-Alder sequence in 
the synthesis of a cyclopentadienyl ring compotmd. Fig 10.33
1) Hz, 5% Pd/C
2)Se02
Figure 10. Synthesis of dihydropentalene
Interest in catalytically active ansa bridged metallocene complexes has spurred 
the development of synthetic methods to prepare bridged bis(cyclopentadienyl) 
(bis(Cp)) c o m p o i m d s . 3 4  Recently, a few doubly bridged metallocene complexes have
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
been synthesized.^^ Singly bridged bis(Cp) compounds have generally been prepared 
by allylation of Cp anions with b i s ( e l e c t r o p h i l e s ) 3 6  or by reductive coupling of 6 , 6 -  
dimethylfiilvene derivatives to prepare tetramethyledxamo bridged bis(Cp)s.^^ The 
bridged systems have been developed to inhibit Cp-meial notation so that chiral pendant 
groups on the Cps cannot rotate away from approaching substrates or so that the 
chirality of the metallocene complex is set by the ansa bridge itself.^  The synthesis of
1.2-diethano bridged bis(Cp) systems are inherently more challenging compared to the 
singly bridged systems because the diallylation of Q* anions is difricult to direct to 
yield predominantly the 1,2 dialkylation of the Cp derivative. This problem has been 
cleverly solved when spirocyclopentadienyl compounds can be thermally rearranged to
1.2-cyclopentadienyl p r o d u c t s . ^ 8  The alternative is to annulate Cp rings onto a 1,2- 
bridged starting material. This is the approach described herein with an improved 
synthesis of a known 1,2-diethano bridged cyclopentadienophane using a novel tandem 
Diels-Alder/retro-Diels-Alder sequence.
2.2 Results and Discussion
Scheme 1 shows the approach wherein a synthetic equivalent of 1,5- 
cyclooctadiyne is treated with excess 6,6-dimethylfulvene. 1,5-Cyclooctadiene is 
tetrabrominated and partially dehydrobrominated to form a mixture of 1,5- and 1,6- 
dibromo-1,5-cyclooctadiene (2.13a and 2.13b).^^ Recrystallization of 2.13a from 
pentane gave X-ray quality crystals that conrirmed the previous stereochemical 
assignments. Fig 11.40 The formation of these dibromides requires two syn 
eliminations and nonpolar solvents and strong bases enhance the formation of these 
dibromides. Treatment of the tetrabromides with excess DBU in dry, lefluxing hexanes 
gave the best results with yields in excess of 32% on scales as high as 0.5 mol. Other 
products include 1,3,5,7-cyclooctatetraene which is why excess base must be used. 
These dibromides are selectively monodehydrobrominated using 1.5 eq. potassiumr- 
butoxide and 0.1 eq. 18-crown-6 in refliudng hexanes for 4 h to give 5-bromo-5-
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cyclooctene-l-yne, which is not isolated, but a 10% solution in hexanes is treated with
1.7 eq. of 6,6-dimethylfulvene and a crystal of BHT at 100 °C in a sealed tube to give 
the monoDiels-Alder adduct, 2.18 in 50% yield.
Br
(2.13)
syn (2.19a)
J D X
(2.18)
anti (2.19b)
syn (2.20a) anti (2.20b)
Scheme 1 .Tandem cyclopentadienylannulation of a 1,5-cyclooctadiyne equivalent
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Figure 11. ORTEP drawing of 1,5-dibromo-l^-cyclooctadiene ( 2.13a ).
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Figure 12. ORTEP drawing of anti-17,18-bis(methylidene)pentacycio- 
[I2.2.I.l6.9.o2,13.o5,rO]octadeca-2(13),5(IO)-diene (2.20b ).
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The NMR spectrum of this compound is consistent with the structure, but 
the lack of molecular symmetry and small chemical shift dispersion leads to a complex 
spin system. In the NMR spectra, 15 of the 16 expected peaks are observed. The 
missing peak is consistent with the overlap of the two nearly identical methyl 
groups. Dehydrobromination of 2 as above gives an ene-yne, that is treated as above 
with excess 6,6-dimethylfulvene giving a nearly equal mixture of anti and syn 
diastereomers 2.19a and 2.19b in a 32% yield. This mixture of diastereomers was 
difficult to separate, but the and NMR are consistent with the mixture of two 
diDiels-Alder adducts; each having a plane of symmetry that bisects the 
bicycloheptadiene units through the bridging isopropylidene unit. There should be 7 
peaks for each compound, but the bridgehead carbons at approximately 56 ppm are 
apparently not resolved.
Selective hydrogenation of the disubstituted double bonds of 2.19 using 1 atm. 
of H2 over Ni (P-2) catalyst^ gave the diastereomers 2.20a and 2.20b in 82% yield. 
The regioselective hydrogenation of the diadducts was confirmed by the absence of the 
vinylic protons of 2.19. The mass spectrum of 2.20a and 2.20b shows the loss of two 28 
Dalton fragments consistent with the expected tandem retro-Diels-Alder elimination of 
ethylene. The reaction mixture was purified by silica gel colmnn chromatography using 
1:4 chloroformzhexane which eluted the anti isomer 2.20a, and the syn isomer 2.20b 
respectively. The spectra of 2.20a and 2.20b each gave 7 of the expected 7 peaks. 
Recrystallization of 2.20a from 1:4 chloroform:hexane gave X-ray quality crystals that 
confirmed the tentative stereochemical assignments based upon the NMR, Fig. 12.
Flash vacuum pyrolysis^ 1 of 2.20 through a quartz tube at 550 °C and 0.05 
mmHg produces the difulvene 2.21 in 93% yield. Recrystallization of 2.21 from 1:1 
chloroform:hexane gives X-ray quality crystals of 2.21, Fig. 13. The spectra of 2.21 
match those reported p r e v i o u s l y . 3 5 b  Treatment of 2 . 2 1  with Re2(CO)io produced a 
mixture of bimetallic complexes 2JZ2.
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Figure 13. ORTEP drawing of 6,13-bis(methyIethylidene)tricyclo- 
[9.3.0l’11.0^»8]tetradeca-l(14),4J,ll-tetraene (2 ^ 1  ).
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Figure 14. ORTEP drawing of anti{bis(l,2-ethanediyl)bis[4-(2-propenyI)-1,2- 
cyclopentadienyl] } bis[tncaxtionylAenium(D] ( 2.22 ).
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Recrystallization of 2.22 from 2:3 DCM-hexane produced X-ray quality crystals 
that shows the Re atoms in an anti formation. Fig 14. The overall yield of 2.21 using 
this method is poor, but is still considerably better than the known route. The known 
route starting with l,2-bis(cyclopentadienyl)ethane, which also has to be synthesized, 
gave 2.21 in 5 steps with an overall yield of less than 1%. The procedure described 
above gave an overall yield from the easily prepared 2.13 of 12%. The alternative of 
starting with 1,5-cyclooctadiyne can be done via the original procedure which gives a 
very poor yield'^^ or by treating 2.13 with two or more equivalents of base.
The formation of 1,5-cyclooctadiyne from 2.13 and Diels-Alder reaction with 
excess 6,6-dimethylfulvene gave poorer overall yields than the stepwise method 
described above due to the competing addition of base to the highly reactive diyne. The 
low yields from the elimination/Diels-Alder reaction steps are due to side products 
generated during the elimination steps. Gas chromatography verified by GC-MS 
chromatograms showed that the cyclooctene-ynes gave clean Diels-Alder adduct 
formation.
2.3 Conclusions
The potential generality of this synthetic approach is more significant than the 
improved synthesis of 2.21. The approach requires an acetylenic dienophile or an ene 
that allows specific unsaturation of the Diels-Alder adduct at the ene derived carbons 
and a Diels-Alder adduct that can be selectively reduced to allow clean retro-Diels- 
Alder reaction of the 2,3-carbons of the diene component of the original 4 + 2 adduct 
The Diels-Alder/retro-Diels-Alder reaction sequence using a cyclopentadienyl 
compound described herein gives the synthetic equivalent of a 3 + 2 cycloaddition of a
1,3-dicarbene to the e n e .^  We are investigating the scope of this Diels-Alder/retro- 
Diels-Alder reaction methodology as a means of synthesizing new 
cyclopentadienophanes and the metal complexation of these cyclopentadienophanes 
with different transition metals.
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2.4 Experimental Section
Materials and Methods. Freshly cracked 1,3-cyclopentadiene was collected 
and briefly stored at -78 *C. Dimethylfulvene, prepared by the procedure of 
Friesleben,^^ was stored in the freezer. Hexane was refluxed and distilled from Na, and 
THF from K. A Thermolyne type 21100 tube furnace was used for the pyrolysis 
reactions. GC measurements were performed on a Hewlett Packard 5890 GC, GC7MS 
spectra (electron impact) were recorded on a Hewlett-Packard 5971 mass spectrometer 
operated at 70 eV). NMR spectra were run on either 200 MHz or 250 MHz Bruker 
spectrometers. MS were performed on a Hewlett Packard 5890 series H GC/MS. High 
resolution MS were done at Louisiana State University, and elemental analysis were 
performed by Oneida Research Services, Inc.
2.4.1 Synthesis of the semicarbazone of cyclooctanone ( 2.1 ).
O ^ N -N H
C = 0
/
HzN(2.1)
Compound 2.1 was prepared according to the procedure described by Gleiter.^^ 
In a 250 mL Erlenmeyer flask semicarbazide hydrochloride (16.7 g, 0.15 mol) was 
dissolved in ethanol (100 mL). Then sodium acetate (1.7 g, 0.17 mol) was added to the 
previous solution. To the Altered solution cyclooctanone (12.6 g, 0.1 mol) was added. 
The mixture was stirred at room temperature for 2 hours. The resulting suspension was 
filtered affording a white solid 2.1 (16 g, 83%); mp: 171-173 ”C.
iH-NMR (250 MHz; DMSO-dK) S 1.38-1.46 (m, 6H), 1.62-1.69 (m, 4H), 2.23- 
2.36 (m. 4H), 6.18 (s, 2H, NH2), 8.91 (s, IH, NH) ppm.
13C-NMR (62.5 MHz; DMSO-^6) 5 23.28, 24.82, 25.01, 26.25, 26.78, 27.15, 
35.72, 154.20, 157.23 ppm.
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2.4.2 Syndiesis o f 4^y6y7^4^hexahydroqrcloocta>l,2,3^1eiiadiazol ( 2.2 ).
O "\ ___ /  HjN a >
(2.1) (2.2)
Compound 2.2 was prepared according to the procedure reported by Gleiter.'^ 
In a 2 L Erlenmeyer flask cyclooctanone-semicarbazone 2.1 (50 g, 0.27 mol) was 
suspended in dioxane (500 mL). A concentrated aqueous solution of selenium dioxide 
(60 g, 0.54 mol) was added dropwise keeping the internal temperature between 30 and 
35 ‘C. The mixture was stirred at room temperature overnight After this the mixture 
was warmed to 40 °C for 5 min and cooled to room temperature. The resulting 
suspension was filtered and concentrated under reduced pressure. The remaining solid 
was taken up with diethyl ether (300 mL) and Altered through a celite pad. The filtrate 
was concentrated under reduced pressure. The residue was taken up with benzene (300 
mL), dried over CaCl2 and filtered. The Altrate was concentrated under reduced 
pressure. The remaining yellow oil was distilled under vaccum (0.2 mmHg, 100-110 
°C) giving a yellowish liquid 2.2 (6.13 g, 53%).
IH-NMR (250 MHz; CDCI3) Ô 1.3-2.24 (m, 8H), 2.8-3.5 (m, 4H) ppm. 
13C-NMR (62.5 MHz; CDCI3) S 25.2,25.4,25.8,26.4,30.4,31.6,159.2,161.0
ppm.
2.4.3 Synthesis of (^clooctyne (2 .3 ).
Q c . /  O
(2.2) (2.3)
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Compound 2 3  was piepared according to the procedure reported by Meier.'^^  ^In 
a I L three neck round bottom flask equipped with a 100 mL pressure equalizing 
addition funnel, an argon inlet, an oil bubbler, a  septum, immersed in a dry ice-acetone 
bath was charged under argon with 2 3  (30.12 g, 0.14 mol) and dry THF (4(X) mL). A 
solution 2.5M BuLi/hexane (68 mL, 0.17 mol) cannulated into the addition furmel was 
added dropwise to the previous solution keeping the internal temperature between -70 
and -60 °C. Afer a short induction period, a violent generation of nitrogen started. 
When the generation of nitrogen stopped, the mixture was quenched with methanol (20 
mL). The mixture was warmed to 0 °C, poured onto ice-water (100 mL) and extracted 
with pentane (100 mL). The upper layer was dried over MgS04, concentrated under 
reduced pressure and distilled under vaccum (20 mmHg, 51-52 °C) affording a clear 
colorless liquid 2.3 (7.0 g, 46%).
iH-NMR (200 MHz; CDClg) 6 1.60-2.22 (m, 12H) ppm.
MS, m/z (M+) 108.
2.4.4 Synthesis of tricyclo[8.2.1.0 ^>^trideca-2(9), 11-diene ( 2.4 ).
hexane
(23) (2.4)
Compound 2.4 was prepared by a modified procedure of the one reported by 
Molz et al.^8 Jq ^ 250 mL round bottom flask were placed cyclooctyne 2.3 (2.16 g, 0.02 
mol) and freshly cracked 1,3-cyclopentadiene (35 g, 0.53 mol) in which was dissolved a 
crystal of 2,6-di-ferr-butyl-4-methylphenol (BHT). This mixture was stirred at room 
temperature for 20 hours. The resulting mixture was concentrated under reduced
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pressure in order to remove 1,3-cyclopentadiene and dicyclopentadiene. The residue 
was distilled under high vacuum (1.5 mmHg, 50-55 °C) producing a clear colorless 
liquid 2.4 (2.1 g, 60%).
iH-NMR (250 MHz; CDCI3) S 1.32-1.57 (m, 8H), 1.83-1.96 (m, 2H), 2.14- 
2.49(m, 4H), 3.19 (m, 2H), 6.73 (m, 2H) ppm.
13C-NMR (62.5 MHz; CDCI3 ) 5 25.97, 26.72, 28.14, 56.06, 71.96, 142.07,
146.17 ppm.
MS, m/z (M+) 174.
2.4.5 Synthesis of triqrcio[8.2.1.02>^trideca-2(9)>ene (2 .5 ).
(2.4)
Hz, Ni (P-2) 
95% EtOH
(2.5)
Compound 2.5 was prepared by the method of Brown and Ahuja.^^ In a 3 neck 
200 mL round bottom flask, nickel acetate tetrahydrate (0.31 g, 1.25 mmol) was 
dissolved in 95% ethanol (12.5 mL). This flask was attached to a Parr hydrogenator and 
purged with hydrogen twice. With vigorous stirring, 1.25 mL of 1.0 M sodium 
borohydride was injected into the reaction flask. The flask was purged with hydrogen 
again and the substrate 2.4 was injected (1.74 g, 10 mmol). The reaction proceeded 
smoothly taking 30 minutes to complete. Decolorizing carbon was added to the reaction 
mixture and warmed to 40 °C. The mixture was filtered through a celite pad and washed 
with warm acetone (2 x 25 mL). The resulting filtrate was concentrated under reduced 
pressure and the residue was distilled under high vacuum (1.5 mmHg, 55-60 °C) giving 
a clear colorless liquid 2.5 (1.40 g, 80%).
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iH-NMR (200 MHz; CDCI3) ô 056-1.14 (m, 4H), 1.31-1.63 (m, lOH), 2.11- 
2.41 (m, 4H), 2.57 (m, 2H) ppm.
MS, m/e (M+) calcd 176.1565, obsd 176.1567.
AnaL Calcd forCi3H20: C, 88.56%; H, 11.43. Found: C, 88.27; H, 11.27.
2.4.6 Synfliesisofbiqrclo[6J.02yS]deca-2(8)4^>eiie (2 .6 ).
FVP, 550*0
benzene
(2.5)
Compound 2.6 was prepared by using flash vacuum pyrolysis (FVP). A tube 
furnace with 30° of inclination equipped with a quartz tube packed with small pieces of 
quartz was heated to 550 *C. The tube was attached to a 60 mL addition funnel at the 
top and a 50 mL round bottom flask at the bottom. The addition funnel was stoppered 
with a septum and the receiving flask was connected to a vacuum pump. The system 
was evacuated and filled with argon twice. The receiving flask was placed in a dry 
ice/acetone bath. A solution of compound 2.5 (0.18 g, 1 mmol) in benzene (20 mL) was 
then injected into the addition funnel. The addition funnel was pressurized with argon, 
the receiving flask was evacuated and the solution was added with rate of addition 
controlled by adjusting the addition funnel stopcock. When the solution had passed 
through the quartz tube, the receiving flask was removed and the pyrolyzed material 
was concentrated under reduced pressure yielding a colorless liquid 2.6 (90% yield by 
GC analysis).
IH-NMR (200 MHz; CDCI3) Ô 1.40-1.80 (m, 8H), 2.40-2.60 (m, 4H), 2.85-2.95 
(m, 2H), 6.0 (d, /  = 2 Hz, IH), 6.25 (dd, /  = 10 Hz ) ppm.
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MS. m/z (M+) 148.
2.4.7 Synthesis of 1,2: l'2'-bis0iexaniethyleiie)rerroceiie (2 .7 ).
^  f-BuLi/hexane ^  ^
1 2)FeCl2. 2THF/THF V
Compound 2.7 was prepared by a modified procedure described by Katz and 
Mrowca.^9 Xo a solution of 2.6 (0.2 g, 1.35 mmol) in dry hexane (10 mL) under argon 
at -78 °C was added 5 mL of 1.7M t-butyllithium in pentane (8.5 mmol). The mixture 
was allowed to warm to room temperature. A white precipitate was formed. The mother 
liquor was cannulated out of the fiask and the solid was washed with dry hexane (2 x 10 
mL). Then 40 mL of dry THF were added to dissolve the precipitate. This solution was 
added by syringe to a suspension of FeCl2 2THF (0.46 g, 1.7 mmol) under argon. The 
mixture was stirred at room temperature for 3 hr. After this 10% HCl (20 mL) followed 
by ethyl ether (10 mL) were added. The organic layer was separated and the aqueous 
layer was extracted with an additional 20 mL of ether. The combined ether extracts 
were washed with water (2 x 20 mL) and dried over anhydrous magnesium sulfate. The 
ether was removed under vacuum and the residue dissolved in acetone (10 mL). The 
acetone was evaporated and the residue eluted with chloroform through a 
chromatography column packed with silica gel (30 g, 60-200 mesh) giving a yellow oil 
which solidified upon cooling 2.7 (1.4 g, 59%); mp 43-44 °C.
iH-NMR (200 MHz; CDCI3) 6 1.30 (m), 1.69 (m), 2.38 (m), 3.74 (d), 3.82 (t).
13C-NMR (50 MHz; CDCI3) 5 25.91,26.41,31.78,66.12,68.62, 87.52 ppm.
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HRMS. calcd 350.1697, obsd 350.1700.
2.4,8 Synthesis of 1,10,11*12,1343*h«acloro-tri^cio[8,2.1.0^H rideca-2(9),ll* 
diene (2 .8 ).
(2 3 ) (2.8)
In a 100 mL round bottom flask was placed cyclooctyne 2.3 (1.65 g, 15 mmol) 
dissolved in 15 mL of hexane. The flask was kept in a water bath at room temperature. 
Then hexachlorocyclopentadiene (2.5 g, 9.1 mmol) was added dropwise. After 12 h the 
reaction mixture is concentrated. Column chromatography on silica gel (50 g, 60-200 
mesh ) with DCM gave a yellowish powder 2.8 (3.5 g, 100%) which after recrystalli­
zation with 95% ethanol afforded white crystals mp: 53 °C.
iH-NMR (200 MHz; CDCI3) S 1.26-1.56 (m, 8H), 1.69-1.78 (m, 2H). 2.34-2.52 
(m, 2H) ppm.
13C-NMR (50 MHz; CDCI3) S 142.72, 137.64, 113.02, 86.56, 27.32, 25.51, 
24.78 ppm.
HRMS, calcd 377.9070, obsd 377.9058.
2.4.9 Reduction of adduct 2.8 with sodium.
(2.8)
Na
►
EtOH
(2.4)
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Compound 2.8 was reduced by the method of Paddon-Row.^^ An ethanol 
solution (20 mL) of 2.8 (91 g, 2.6mmoI) was warmed at reflux under vigorous stirring. 
Sodium metal (3 g, 130 mmol) was slowly added over a  3 h period. The resulting 
suspension was refluxed overnight. After this the reaction mixture was cooled to room 
temperature and ice was added. The resulting mixture was extracted with petroleum 
ether, dried over sodium sulfate, filtered, and concentrated. After vacuum distillation 
(1.5 mmHg, 50-55 ’C) a colorless liquid was obtained 2.4 (0.38 g, 80%).
IH-NMR (250 MHz; CDCI3) 5 1.32-1.57 (m, 8H), 1.83-1.96 (m, 2H). 2.14- 
2.49(m, 4H), 3.19 (m, 2H), 6.73 (m, 2H) ppm.
13C-NMR (62.5 MHz; CDCI3 ) 8 25.97, 26.72, 28.14, 56.06, 71.96, 142.07,
146.17 ppm.
MS, m/z (M+) 174.
2.4.10 Synthesis of 13-(methylethylidene)-tricyclo[8.2.1.G^’^ trideca-2(9),ll-dlene
(2.9).
hexane, BHT 
sealed tube
(2.3) (2.9)
A 30 mL glass tube was charged with cyclooctyne 2.3 (2.0 g, 18 mmol), 
dimethylfulvene (3.0 g, 28 mmol) a crystal of BHT and hexane (20 mL). The tube was 
stoppered with a septum, immersed in a dry ice-acetone bath and evacuated. Then the 
tube was sealed and placed in a sand bath at 120 °C for 12 h. After this the tube was 
cooled at room temperature and opened. Rotoevaporation followed by vacuum 
distillation at 60 °C and 1.5 mmHg gave an orange oil. Chromatography on silica gel
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(50 g, 60-200 mesh) with hexane produced an oil which upon cooling afforded a yellow 
soUd 2 3  0 .3  g. 50%); mp: 35^-36 *C.
IH-NMR (200 MHz; CDCI3) 5 1.27-1.64 (m, 14H). 2.17-2.29 (m. 2H), 2.42-
2.56 (m, 2H), 3.69 (t, / = 2  Hz. 2H), 6.84 (t, /== 2 Hz. 2H) ppm.
13C-NMR (50 MHz; CDCI3) 5 18.41.25.88.26.94.28.19,55.63.93.27,141.65, 
146.54,163.15 ppm.
HRMS, calcd 214.1721, obsd 214.1716.
AnaL Calcd fbrCi6H22: C, 89.65; H. 1035. Found: C, 89.59; H. 10.37.
2.4.11 Syndiesis of 13-(inethylediyUdene)tri^cio[8.2.1.0^»^trideca-2(9)-ene
( 2.10).
(2.9)
Hz. Ni (P-2) ^
(2.10)
Compound 2.10 was prepared by the method of Brown and Ahuja.^^ In a three 
neck round bottom flask equipped with magnetic stirrer, an atmospheric pressure 
hydrogenator and a bubbler was placed nickel acetate tetrahydrate (50 mg, 0.2 mmol) 
dissolved in 5 mL of 95% ethanol. The flask was fîUed with hydrogen and purged 
twice. With vigorous stirring. 0.3 mL of 1.0 M sodium borohydride was injected into 
the reaction flask. The flask was purged with hydrogen again and the substrate 2.9 was 
injected (0.33 g. 1.54 mmol) in 5 mL 95% ethanol. After four hours the mixture was 
filtered through a celite pad rinsing with 95% ethanol. Rotoevaporation gave a yellow 
liquid which was dissolved in DCM. Column chromatography on silica gel (30 g, 60- 
200 mesh) with chloroform afforded a clear yellow liquid 2.10 (0.2 g, 61%).
HRMS, calcd 216.1878, obsd 216.1879.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
2.4.12 Sjmdiesis of 10-(inethyiethylidene)bi<7clo[6.3.0l»^]undeca-l(ll)y8^ene
(2.11).
FVP. 550 *C
(2.10)
Compound 2.11 was prepared by using flash vacuum pyrolysis (FVP). A tube 
furnace equipped with a quartz tube packed with small pieces of quartz was heated to 
550 °C. In a 10 mL glass tube was placed compound 2.10 (0.044 g, 0.2 mmol). The 
quartz tube was attached to the 10 mL glass tube on one side and a gas trap on the other 
end. The system was evacuated until the pressure dropped to 0.1 mmHg. The trap was 
placed in a Dewar flask filled with liquid nitrogen and the glass tube gradually heated to 
180 °C. When the substrate had passed through the quartz tube, the trap was removed 
and the pyrolyzed material dissolved in 10 mL of chloroform. Rotoevaporation afforded 
a bright yellow liquid 2.11 (0.03 g, 80%).
MS, m/z (M+) 148.
2.4.13 Synthesis of 1,2,5,6-tetrabromocyclooctane (2.12).
Brz, hexane
X J "-BuOH, NH4CO3 B r ' X  X  "Br
(2.12)
This compound was prepared by a modified procedure described by Cotsaris 
and Della.^^ In a 3 L three neck round bottom flask equipped with a mechanical stirrer 
and an addition funnel was placed 1,5-cyclooctadiene (108.2 g, 1.0 mol), hexane (300
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mL), r-bu^l alcohol (150 mL) and ammonium carbonate (40 g). The mixture was 
placed in an ice bath and stirred. Then a soluton of bromine (319.6 g, 2.05 mol) in 
hexane (200 mL) was added dropwise within 2 h with stirring keeping the temperature 
between 10-15 *C. After this the reaction mixture was stirred for an additional hour. 
Sodium bisulfite (20 g) was added to neutralize the unreacted bromine. The white 
precipitate formed was filtered, washed with water (3 x 500 mL) and dissolved in 
dichloromethane (I L). The resulting solution was dried with MgS0 4  and evaporated 
producing pure 1,2,5,6-tetrabromocyclooctane 2.12 (300 g, 70%).
2.4.14 Syndiesis of l,S-dibromo>l,5-^clooctadiene (2 .13).
BrBr
Br
(2.12)
Br
DBU
hexane
Br
(2.13)
This compound was prepared by a modified procedure described by Meier.^^ In 
a 3 L three neck round bottom flask equipped with a mechanical stirrer, condenser, and 
an addition funnel was placed 1,2,5,6-tetrabromocyclooctane 2.12 (160 g, 0.37 mol) and 
dry hexane (1.5 L) under argon. The mixture was warmed to 75-80 °C and stirred for 
1/2 h to dissolve most of 2.12. Then DBU (200 g, 1.32 mol) was added dropwise within 
2 h with stirring to the hot solution. A white precipitate formed and the color changed to 
light yellow after 4 h refluxing. Hot filtration, extraction and washing the precipitate 
with excess hexane (500 mL) gave a yellow solution. The hexane solution was washed 
with water (3 x 300 mL) and dried with MgSÛ4. Removal of hexane under reduced 
pressure gave 46 g (47%) crude dark liquid. Addition of a few crystals of 1,5-dibromo- 
1,5-cyclooctadiene 2.13 to the liquid and storage in the refrigerator overnight afforded a 
pure light yellow solid (17 g, 17.5%). Vacuum distillation afforded a light yellow liquid
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11 g (29% overall yield) as a mixture of two isomers. Further recrystallization of the 
solid from pentane afforded white crystals 2.13 mp: 71-72 *C.
iH- NMR (200 MHz; CDCI3) 6 2.42 (mJHz, 4H), 2.83 (t, /  = 7 Hz,4H), 6.08
(t, 7 = 7 Hz, 2H) ppm.
13C-NMR (50 MHz; CDCI3) S 27.41,38.28,124.41,129.54 ppm.
MS, m/z (M+) 266.
2.4.15 Syndiesis of 5-bromotn^clo[8.2.1.0^)^dFideca 2(9)^,ll-(riene ( 2.14 ).
Br Br
r-BuOK, 18-crown-6
hexane
Br
(2.13)
hexane, BHT
(2.14)
Compound 2.14 was synthesized by a modified procedure described by Mayer 
and M e i e r . 3 2  In a 2  L two neck Schlenk flask equipped with magnetic stirrer, 
condenser, bubbler, and heating mantle was placed under argon l,5-dibromo-l,5- 
cyclooctadiene 2.13 (26.6 g, 0.1 mol), potassium r-butoxide (16.8 g, 0.15 mol) and dry 
hexane (150 mL). In a separate 100 mL Schlenk flask under argon, 18-crown 6 (3.9 g, 
15 mmol) was dissolved in dry hexane (100 mL) and cannulated into the previous 
solution. The resulting mixture was refluxed for four hours, cooled to room 
temperature, filtered, water added, and the layers separated. The hexane layer was
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washed twice with brine and dried with anhydrous magneanm sulfate. Freshly cracked
1,3-cyclopentadiene (24 g, 0.36 mol) and a crystal of BHT was added to the resulting 
solution and stirred at room temperature for 1 hour. Evxqpommrion followed by vacuum 
distillation gave a colorless clear liquid 2.14 (15 g, 60 %).
13C-NMR (50 MHz; CDCI3) 5 27.57,30.62,3132.36.73,57.36,70.24,130.49, 
142.34 ppm.
MS, m/z (M+) 250.
2.4.16 Synthesiserpentacyclo[123.1.1<’>9.0243.05,10]ociadeca-2(13),5(10),7,15- 
tetraene (2.15).
(2.14)
f-BuOK, 18-crown-6
hexane
syn
hexane, BHT
(2.15a)
and
(2.15b)
Compounds 2.15 were prepared by the same procedure as that used in preparing 
compound 2.14.32 in a 2 L two neck Schlenk flask equipped with magnetic stirrer, 
condenser, bubbler, and heating mantle was placed under argon compound 2.14 (15 g.
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0.06 mol), potassium t-butoxide (20.1 g, 0.18 mol) and dry hexane (700 mL). In a 
separate 100 mL Schlenk flask under argon, 18-crown-6 (4.7 g, 18 mmol) was 
dissolved in dry hexane (100 mL) and cannulated into the previous solution. The 
resulting mixture was refluxed for two hours, cooled to room temperature, filtered, 
water added and the layers separated. The hexane layer was washed twice with brine, 
dried with anhydrous magnesium sulfate and evaporated. Freshly cracked 1,3- 
cyclopentadiene (16 g, 0.24 mol) and a crystal of BHT was added to the resulting 
solution which was stirred at room temperature for 12 hours. Evaporation followed by 
vacuum distillation gave a light yellow liquid 2.15 (6.2 g, 53%). Column chroma­
tography on silica gel (100 g, 60-200 mesh) with hexane gave 5.8 g of a mixture of syn- 
anti diasteromeric diadducts.
iH-NMR (200 MHz; CDCI3) 8 1.63 (m), 1.83 (m), 2.04-2.72(m), 3.08(m), 
6.59(t, 7  = 2 Hz), 6.72(t, 7 = 2  Hz) ppm.
13C-NMR (50 MHz; CDCI3) 28.37, 28.63, 56.71,70.38, 71.12, 141.99,142.28, 
145.25,145.43 ppm.
MS, m/z (M+) 236.
2.4.17 Synthesis of pentacycIo(12.2.1.1^»^.o2»13.oS,lG]octadeca-2(13),5(lG)-dlene 
(2.16).
I )  I H2.Ni(P-2)^DCM 
95% EtOH
(2.15) syn (2.16a)
anti (2.16b)
This compound was prepared by the method of Brown and Ahuja.^^ In a 3 neck 
100 mL round bottom flask nickel acetate tetrahydrate (0.4 g, 1.5 mmol) was dissolved 
in 95% ethanol (70 mL). This flask was attached to a hydrogenator and purged with 
hydrogen twice. With vigorous stirring, 1.60 mL of 1.0 M sodium borohydride was
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injected into the reaction flask. The flask was purged with hydrogen again and the 
substrate 2.15 was injected (2.6 g, 0.01 mol) in DCM (12 mL). The reaction proceeded 
smoothly taking 30 minutes to complété. Decolorizing carbon was added to the reaction 
mixture, warmed to 40 'C  and CUteced tfanmgh a celite pad. The filter pad was washed 
with DCM (20 mL). The solvent was removed and the residue dissolved in DCM (10 
mL) The solution was filtered and dried with MgS0 4 . Removal of the solvent afforded
2.2 g (91% yield) a mixture o f syn-anti diasteromeric diadducts. Column 
chromatography on silica gel (50 g, 60-200 mesh) with hexane gave a colorless oil 2.16 
(1.95 g, 80% yield).
iH-NMR (200 MHz; CDCI3) 60.98 (m). 1.30 (m), 1.55 (m), 2.15 (m). 2.33 (d, 
/  = 4 Hz), 2.58 (m) ppm.
13C-NMR (50 MHz; CDCI3) 5 26.25, 26.54, 27.49, 28.05,47.02,47.08, 48.92, 
49.18,138.82 ppm.
MS, m/z (M+) 240.
2.4.18 Synthesis of tricydo[93 .0^]te tradeca-l(ll),4(8)3,12-tetraene ( 2.17 ).
FVP, 700 T  ^
benzene \
(2.16) (2.17)
Compound 2.17 was prepared using flash vacuum pyrolysis (FVP). A tube 
furnace with 30° of inclination equipped with a quartz tube packed with small pieces of 
quartz was heated to 700 °C. The tube was attached to a 60 mL addition funnel at the 
top and a 50 mL round bottom flask at the bottom. The addition funnel was stoppered 
with a septum and the receiving flask was connected to a vacuum pump. The system 
was evacuated and filled with argon twice. The receiving flask was then placed in a dry 
ice/acetone bath. A solution of compound 2.16 (0.2 g, 0.83 mmol) in benzene (40 mL)
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was injected into the addition funnel. The addition funnel was pressurized with argon, 
the receiving flask evacuated and the solution added with rate of addition controlled by 
adjusting the addition funnel stopcock. When the solution had passed through the quartz 
tube, the receiving flask was removed and the pyrolyzed material concentrated under 
reduced pressure yielding a colorless liquid 2.17 (100% yield by GC analysis).
MS, m/z (M+) 184 (three isomers).
2.4.19 Synthesis of S-bromo-13-(methylethyUdenc)triqrclo[S.2.1.0^*^trideca- 
2(9),5,ll-triene (2.18).
-BuOK, 18-crown-6
hexane
(2.13 )
hexane, BHT 
^  j l  I sealed tube
Br.
(2.18 )
In a 500 mL two neck Schlenk flask was placed under argon l,5-dibromo-l,5- 
cyclooctadiene 2.13 (26.6 g, 0.1 mol), potassium t-butoxide (16.8 g, 0.15 mol), 18- 
crown-6 (3.9 g, 15 mmol) and dry hexane (1 L). The mixture was stirred and heated at 
70 °C for 4 h. Then it was filtered, washed with water (3 x 500 mL) and brine (1 x 500 
mL), dried over MgS0 4 , Oltered and rotoevaporated until the volume was 150 mL. The 
solution was then transferred to a glass tube containing dimethylfulvene (106.2 g, 0.17
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mol) and a crystal of BHT. The tube was evacuated, sealed and placed in a sand bath at 
100 °C for 20 h. Then it was cooled at room temperature and opened. The contents were 
transferred to a 100 mL round bottom flask. The solution was rotaevaporated and 
distilled under reduced pressure at 50 'C/0.55 mmHg. The residue was then 
chromatographed on silica gel (50 g, 60-200 mesh) with hexane and then with 1:1 
hexane-DCM giving a yellow solid 2.18 (14.2 g, 50%); mp: 78-80 'C.
IH-NMR (200 MHz; CDCI3) S 1.46 (s, 6H, Me), 2.03-3.08 (m, 8H, 3,4,7,8- 
CH2), 3.56-3.72 (m, 2H, 1, 10-CH), 5.96 (t, = 7.5 Hz, IH, 6-CH), 6.83-6.93 (m. 2H. 
11 ,12-CH) ppm.
13C-NMR (75 MHz; CDCI3) 6 18.41, 27.50, 31.16, 31.58, 31.86, 36.49, 57.14, 
57.19,94.36,125.29,130.53,142.03, 144.61,145.08,161.26 ppm.
IR (thin film, cm‘l) 3060,2980,2910,2873, 2821 
HRMS, calcd 290.0670, obsd 290.0681.
2.4.20 Synthesis of 17,18-bis(niethyiethylldene)penta<grcio[12,2.1.1^»^.o2»13.oS»10]. 
octadeca-2(13),5(10),7,15-tetraene ( 2.19 ).
Hr r-BuOK, 18-crown-6
hexane
(2.18) dimethylfulvene 
hexane, BHT 
sealed tube
anti
(2.19b)
syn
(2.19a)
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In a 250 mL two neck Schlenk flask was placed under argon 2.18 (12 g, 0.04 
mol), potassium r-butoxide (9.7 g, 0.08 mol), and dry hexne (1 L). In a separate flask, 
18-crown-6 (2.17 g, 8 mmol) was dissolved in dry hexane QS mL) and cannulated into 
the Schlenk flask. The mixture was stirred and heated at 70*C for six hours. Then it was 
cooled. Altered, extracted with water (3 x lOmL) and dried over MgSOd. The solution 
was then concentrated under reduced pressure and the residue dissolved in hexane 
(lOOmL). The solution was transfered to a lOmL glass tube containing dimethylfulvene 
(17.5 g, 0.165 mol) and a crystal of BHT. The tube was stoppered with a septum, 
immersed in a dry ice-acetone bath, evacuated and sealed. The tube was placed in a 
sand bath at 100 °C for 20 h. Then it was cooled at room temperature and opened. The 
contents were transferred into a 50 mL round bottom flask. Rotoevaporation followed 
by column chromatography on silica gel (20 g, 60-200 mesh) Arst with hexane then 
with 1:1 hexane-DCM afforded a light yellow solid 2.19 as a mixture of syn-anti 
diasteromeric diadducts. (4.2 g, 32%); mp: 122-123 "C.
iH-NMR (200 MHz; CDCI3) 5 1.39 (s, 12H, Me), 1.43 (s, 12H, Me), 2.05-2.17 
(m, 4H, CH2), 2.31-2.56 (m, 8H, CH2). 3.56-3.60 (m, 8H, CH), 6.67 (t, 7 = 2 Hz, 4H, 
CH); 6.75 (t, /  = 2 Hz, 4H, CH) ppm.
l^C-NMR (50 MHz; CDCI3) 5 18.28, 18.42, 28.59, 29.00, 56.47,93.07, 93.84, 
141.55,141.67,145.84,146.09 ppm.
re. (thin Aim, cm*l) 3060,2979,2919,2869,2820.
HRMS, calcd 316.2191, obsd 316.2210.
2.4,21 Synthesis of 17,18-bis(metbylethyUdene)pentn^clo[12Jl.l.l^»^.02,13.0^,10]. 
octadeca-2(13),5(10)-diene ( 2.20 ).
Ni (P-2)
(2.19) syn (2.20a), anti (2.20b)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
Compund 2 J0  was piepaied by the method of Brown and Ahuja.^^ In a 100 mL 
three neck round bottom flask was placed nickel acetate tetrahydrate (0.15 g, 0.56 
mmol) and 95% ethanol (50 mL). The flask was attached to a hydrogenator, and purged 
three times with hydrogen. With vigorous stirring, 0.8 mL of 1.0 M sodium borohydride 
was injected into the reaction flask. The flask was purged with hydrogen again and the 
substrate 2.19 was injected (0.535 g, 1.7 mmol) in DCM (10 mL). The reaction 
proceeded smoothly taking 3 hours to complete. Decolorizing carbon was added to the 
reaction mixture, warmed to 40 °C and filtered through a celite pad. The filter pad was 
washed with DCM (10 mL). The solvent was removed and the residue dissolved in 
DCM (10 mL). The solution was filtered and dried with MgS0 4 . Removal of the 
solvent followed by column chromatography on silica gel (20 g, 60-200 mesh) first with 
hexane gave a white solid 2.20b (0.23 g, mp: 157-158 °C, 41%, anti isomer) then with 
1:1 hexane-DCM a pale yellow solid 2.20a (0.22 g, mp: 148-149 °C, 41%, syn isomer).
Data for 2.20b (anti):
iH-NMR (200 MHz; CDCI3) 8 0.97-1.04 (m, 4H, CH2), 1.50 (s, 12H, Me),
1.57 (m, 4H, CH2), 2.89 (m. 8H, CH2). 2.89 (m, 4H, CH) ppm.
13C-NMR (75 MHz; CDCI3) 8 19.45, 26.63, 28.52, 48.89, 105.75, 140.05, 
147.40 ppm.
IR (thin film, cm 'I) 2953,2927,2867,1439.
Data for 2.20a (syn):
iH-NMR (200 MHz; CDCI3) 8 1.02-1.09 (m, 4H, CH2), 1.54 (s. 12H, Me), 
1.61 (m, 4H, CH2), 2.14-2.26 (m, 4H, CH2), 2.66-2.82 (m, CH2), 2.66-2.82 (m, 4H, 
CH2), 2.96 (m, 4H, CH) ppm.
13C-NMR (75 MHz; CDCI3 ) 8 19.34, 25.98, 27.86, 48.53, 104.71, 140.27, 
147.79 ppm.
IR (thin film, cm 'l) 2968, 2927,2866,1440.
HRMS, calcd 320.2504, obsd 320.2472.
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AnaL Calcd forCi6H22: C, 89.65; H, 10.35. Found: C, 89.59; H, 10.37.
2.4.22 Syndiesis of6,13-bb(me4byle(hyUdene)(r:qrclo[9j.OlAl.o4,9](e(radeca- 
l(14),4 ,7 ,ll (etraeme (2 .21).
FVP
550‘C
(2.20) (2.21)
Compound 2.21 was prepared by using flash vacuum pyrolysis (FVP). A tube 
furnace equipped with a quartz tube packed with small pieces of quartz was heated to 
550°C. Compound 2.20 (0.5 g, 1.56 mmol) was placed in a 10 mL glass tube. The 
quartz tube was attached to the 10 mL glass tube on one side and a gas trap was 
attached on the other end. The system was evacuated until the pressure dropped to 0.1 
mmHg. The trap was placed in a Dewar flask filled with liquid nitrogen and the glass 
tube gradually heated to 180 °C. When the substrate had passed through the quartz tube, 
the trap was removed and the pyrolyzed material dissolved in 5 mL of chloroform. 
Rotoevaporation afforded a bright yellow solid 2.21 (0.38 g, 93%); mp 200°C (lit 
201°C).35b
iH-NMR (200 MHz; CDCI3) S 2.08 (s), 2.67 (s), 6.16 (s) ppm.
13c-NMR (50 MHz; CDCI3) 6 22.54,29.60,117.68,140.11,144.83,147.83.
2.4.23 Synthesis o f anti{bis(l,2-ethanediyi)bls[4-(2-propenyl)-l,2-cyciopenta 
dienyl]}bls[tricarbonylrhenium(I)] ( 2.22 ).
decalin
(CO)3Re (2.22)(2.21)
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Compound 2.22 was synthesized by the procedure described by Patton.53 In a 
50 mL Schlenk flask fitted with a condenser was placed under argon compound 2.21 
(0.02 g, 0.076 mmol), diriienium decacarbonyl (0.123 g, 0.19 mmol) and 15 mL of dry 
decalin. The mixture was stirred and heated at 170 *C for 1 h and then at 200 °C for 20 
h. The decalin was removed under reduced pressure and the residue eluted with 2:3 
D(]M-hexane through a chromatography column packed with silica gel (30 g, 60-200 
mesh) giving a colorless solid (30 mg) as a mixture of riienium complexes. One of the 
isomers 2.22 crystallized from 2:3 DCM-hexane and its structure was confirmed by X 
ray analysis.
IH-NMR (200 MHz; CDCI3) 0.83 (s), 0.86 (s). 0.89 (s), 1.06 (s). 1.09 (s), 1.11 
(s), 1.83 (s), 2.59-3.00 (m). 4.88 (d). 4.99 (d), 5.07 (d), 5.18 (d), 5.26 (d), 5.32 (d).
2.5 Attempted Reactions and Future Work
The reductive coupling of 2.21 in order to build a third ethylene bridge was 
attempted under condtions reported for fulvenes.^"^ In a typical experiment a solution of
2.21 in THF was treated with excess Na at -70 °C, and quenched with HOAc and 
dimethylacetylene dicarboxylate. GC-MS analysis of the mixture suggests no evidence 
of formation of the desired coupled product. This reaction was attempted also with K 
and Li with the same result Future work involves formation of a more rigid bisfulvene 
whose cp rings are already face to face. Transition metal complexation of 2.21 will 
generate metallocenes which can be useful in catalysis.
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SYNTHESIS OF NOVEL PYRROLES 
3.1 Introduction
Ladder polymers intrinsically possess high mechanical strength because 
backbone cleavage requires two bonds to be broken m the same monomer unit, a 
relatively unlikely event. There are several examples of ladder polymers, but their 
applications are inhibited by poor solubili^ and low molecular weight We propose, 
however, a novel synthesis of soluble ic-conjugated high molecular weight ladder 
polymers from soluble precursors expected to have superior fiber strength as well as 
fascinating electronic and optical properties.
The discovery of metallic conductivity upon oxidative doping of poly(acetylene) 
initiated explosive growth in the studies of electroactive polymers. N- 
pyrroleacetylene monomers. Fig 6 and 7 will produce after polymerization and mild 
oxidative work up ladder polymers. Fig S. These unique hybrid structures of two of the 
most interesting electroactive polymers, poly(aceQrlene) and poly(pyrrole), will have 
greater conjugation length than either component linear polymer along with higher 
chemical stability than either component polymer.
The primary goals of this research are: 1) to investigate the polymerization of 
the N-ethynylpyrrole; 2) to synthesize and polymerize the disubsituted analog 1,2- 
(N,N'-dipyrrolyl)acetylene; and 3) to synthesize and oxidatively couple vicinal (N, N’- 
dipyrrolyl)arenes.
3.2 Results and Discussion
Scheme 2 shows the synthesis of pyrrole compounds derived from 
trichloroethylene. Compounds 3.1 and 3.2 were prepared according to the procedures 
reported by Paley^S and Brandsma^^ respectively. Treatment of 3.1 with a molar 
equivalent of potassium pyrrole gave 3.4 in 47 % yield. Sublimation under reduced
4 0
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pressure gave X-ray quality crystals of 3.4 that confirmed the relative positions of the 
pyrrole rings. Fig 15. The iH-NMR spectrum of 3.4 shows 5 peaks and the 
spectrum is in agreement with the structure. Compound 3.2 upon polymerization with 
MoClg in dry toluene and precipitation with MeOH produced a red fibrous material.^^ 
The absence of peaks under 911.1 daltons (decamer) by FAB and the broadening of 
peaks in the ^H-NMR spectrum suggested that 3.2 is a polymer. Treatment of 3.4 with 
LDA imder conditions to prepare diaminoacetylenes failed to produce 3.5.^^
a  H
a ^ a
O
K  — -  C —a  a
(3.1)
)—(
O  “
(3.4)
¥
0 - ^ 0
(3.5)
H 
(3.2)
POLYMER
(3J)
Scheme 2. Pyrrole derivatives of trichloroethylene.
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Figure 15. ORTEP drawing of I-chloro-2,2-(N, N* -dipyiroIyI)ethyIene. ( 3.4 ).
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Scheme 3 shows the synthesis of pyrrole compounds derived from 
tetrachloroethylene. N-Potassium pyrrole reacts with excess tetrachloroethylene to 
produce a mixture of 2 stereoisomers. Recrystallization of the mixture from ethyl ether 
gave X-ray quali^ crystals of 3.7 showing the expected trans stereochemistry, Hg 16.
(3.9)
(3.7)
(3.5)
OLIGOMER
(3.8)
Scheme 3. Pyrrole derivatives of tetrachloroethylene
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The crystal structure of 3.7 is disordered along the C=C into two positions 
having CIA. 65% populated and CIB, 35% populated. The relative positions of the 
pyrrole rings as well as the chlorine atoms are clearly trans in this diasteromer.
Figure 16. ORTEP drawing of trans-1,2-dichloro-1.2-(N, N* -dipyrrolyl)ethylene ( 3.7 ).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 17. ORTEP drawing of l,2*(NJ'i'-dipyrrolyl)aceiylene ( 3.5 ).
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Dechlorination of 3.7 by bu^Uithium at -70 “C in THF produced the expected 
dipyrroleacetylene 3.5 in 86% yield. The compound was characterized by its ^H-NMR 
spectrum (2 triplets, pyrrole rings) and ^^C-NMR spectrum (3 peaks). Sublimation 
under reduced pressure gave X-ray quality crystals of 3.5 showing a dihedral angle of 
78.14° between the pyrrole rings, and a C-C triple bond distance of 1.175 Â which is
0.012 Â shorter than a ^ i c a l  triple bond. Fig 17. Treatment of 3.5 with VoUhardt 
catalyst gave two products which were separated by fractional distillation under reduced 
pressure. The first fraction, a clear yellow solid (10% yield), showed an M+ = 312 
which is the mass of the dimer. The second fraction, a beige solid (3% yield), showed 
an M+ = 468 which is the mass of the trimer. The ^H-NMR (2 triplets) and ^^C-NMR 
(3 peaks) spectra are in agreement with the structure. Under polymerization conditions 
reported by Masuda,^^ 3.5 reacted wth TaClg and Me4Sn in dry toluene to produce a 
brown solid 3.8. FAB analysis suggested that 3.5 is a mixture of oligomers M+ = 624.9 
(tetramer), 780.2 (pentamer), 936.4 (hexamer) and 1247.6 (octamer).
Scheme 4 shows the synthesis of pyrrole compounds derived from different aryl 
fluorides. Hexafluorobenzene reacted with excess potassium pyrrole in refluxing THF 
giving 3.9 in 90% yield which contrasts with the poor yield (3%) obtained by 
trimerization of 3.5 with VoUhardt catalyst The ^H-NMR and matched that
the previously obtained for 3.9. Recrystallization of 3.9 from 1:1 hexane-CHClg gave 
X-ray quality crystals showing a propeUane structure with the pyrrole rings tilted in the 
same direction. Fig 18. FoUowing a procedure like the one described before, 
pentafluorobenzene gave 3.10 in 99% yield; pentafluoropyridine gave 3.11 in 92% 
yield, octafluoronaphthalene gave 3.12 in 95% yield; and 2,3-dichloroquinoxaline gave
3.13 in 19% yield. The ^H-NMR and ^^C-NMR spectra of these compounds are in 
agreement with their structures. Recrystallization of 3.12 from 1:1 hexane-CHClg gave 
two kinds of X-ray quality crystals. One of them is not solvated as shown in Fig 19 and 
the other one is a CHCI3 solvate as shown in Fig 20.
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Scheme 4. Pyrrole derivatives of aromatic compounds.
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Figure 18. ORTEP drawing of 1.23,4^.6-(N. N*, N", N"', N”". N"' 
-hexapyrrclyObenzene (3i>).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 19. ORTEP drawing of 1,2,3,4^,6,7,8-(N, N’.N", N”’. N"'
-octapyrroIyI)naphthalene ( 3.12 ).
N"'", N""", N"'
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Hgure 20. ORTEP drawing of 1,2,3,4^,6,7,8-(N, IST", N"", N"' 
-octapyrrolyOnaphthalene chloroform solvate ( 3.12a ).
N""", N"'
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Scheme 5 shows the synthesis of 2-methylpyrrole compounds derived from 
halogenated aromatic amines. 2,3-dichloroquino%aline and 2,3,5,6-tetrafluoropyridine 
reacted with excess N-potassium-2-methyIpyrrole in refluxing THF giving 3.18 in 59 % 
yield and 3.19 in 69 % yield respectively. The ^H-NMR and l^c-NM R spectra are in 
agreement with their stuctures.
C8H4CI2
H3C
(3.19)
Scheme 5 .2-Methylpyrrole derivatives of aromatic amines.
3.3 Conclusions
The synthesis of the dipynoleace^lene 3.5 was successfully accomplished by an 
alternate route from the one reported for the synthesis of d i a m i n o a c e t y l e n e s .2 5 
Nucleophilic substitution by K-pyrrole on perfluoroarenes proceeds with high yields
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representing a new methodology for synthesizing new exciting propellanes. This 
methodology can be also used in di or tetra substitned haloazines to produce 
pyrroleazines in moderate yields. The preliminary work done on the polymerization of 
the monopyrroleacetylene 3.2 and the dipyrroleacetyleae 3.5 proved the feasibility of 
this approach.
3.4 Experimental Section
Materials and Methods. Pyrrole was freshly distilled over CaH2 and stored 
under argon in the refrigerator. THF was refluxed and distilled from K. diethyl ether 
from Na/K alloy, and toluene from CaH2. NMR spectra were recorded on either 200 
MHz or 250 MHz Bruker spectrometers, GC measurements were performed on a 
Hewlett Packard 5890 GC, High resolution MS were done at Louisiana State 
University, and elemental analysis were performed by Oneida Research Services.
3.4.1 Synthesis of N>(l,2^chlorovinyl)pyrro!e (3 .1).
a. Cl
H 
I
.N.
Cl. Cl 
H
(3.1)
This compound was prepared by a modified procedure described by Paley.^5 ^  
500 mL three neck round bottom flask under argon was charged with 0.5 cm pieces of 
clean potassium (10.0 g, 0.26 mol) and dry THF (100 mL). Then a solution of dry 
pyrrole (27 mL, 0.16 mol) in dry THF (50 mL) was added dropwise by an addition 
funnel to the potassium dispersion at room temperature with stirring. This suspension 
was left to reflux overnight and allowed to cool to room temperature. Then 
trichloroethylene (50 mL, 0.56 mol) was added dropwise by an addition funnel keeping 
the internal temperature between 0 and 5 'C. The mixture was again left to reflux
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overnight and allowed to cool to room temperature. The resulting suspension was 
filtered and concentrated under reduced pressure. The remaining brown liquid was 
distilled under vaccum (2.0 mmHg, 50-55 *C) giving a  clear colorless liquid 3.1 (23.7 g, 
57%).
1H-NMR (250 MHz; acetone-dl5) S 6.25 (t, J -  2 Hz 2H, pyrrole ring), 6.62 (s, 
IH, vinyl CH), 7.02 (t, 7= 2 Hz, 2H, pyrrole ring) ppm.
13c NMR 5 (62.5 MHz; acetone-*) 109.86,111.37,122.32,129.45 ppm.
3.4.2 Synthesis of N-etfiynylpyrrde (3 .2).
Cl Cl
o
l)MeLi/Ether ___
N— ^ — HN H 2) H2O
^  (3Jl)
(3.1)
This compound was prepared according to the procedure reported by 
B r a n d s m a . ^ 3  \  250 mL round bottom flask equipped with a 100 mL pressure 
equilizing addition funnel, an argon inlet, an oil bubbler, a septum, a magnetic stirring 
bar immersed in a dry ice-acetone bath was charged under argon with N-(l,2- 
dichlorovinyl)-pyrrole 3.1 (8.1 g, 0.05 mol) and dry diethyl ether (15 mL). A solution
1.4 M MeLi/diethyl ether (82.2 mL, 0.12 mol) cannulated into the addition funnel was 
added over 30 minutes to the previous solution keeping the internal temperature 
between -5 and +5 °C. After an additional period of 2 h at 15 °C, the solution was 
cooled to below -30 °C and 20 mL of ice water was added over 5 min with vigorous 
stirring, care being taken that the temperature of the mixture did not rise above 5 ‘C. 
The upper layer was dried over anhydrous MgS0 4 , after which the greater part of the 
ether was distilled off under argon through a 40-cm Vigieaux column keeping the bath 
temperature below 85 °C in the last stage of the distillation. After most of the ether had
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been distilled o£f, the distillation was continued under reduced pressure (I  mmHg, 25- 
30 °C) affording a clear colorless liquid 3,2 (3.4 g, 75%).
1H-NMR (250 MHz; acetone-dS5) 5 3.46 (s, IH, acetylene CH), 6.20 (t, 7= 2 Hz, 
2H, pyrrole ring). 7.(X) (t, J= 2 Hz, 2H, pyrrole ring) ppm.
13C-NMR (62.5 MHz; acetone-*) 5 5633,110.58,111.39,125.65 ppm.
3.43 Synthesis of poly(N-ethynylpyrrole) (3 .3 ).
N- H
(3.2)
toluene H
A 100 mL three neck round bottom flask equipped with a septum, an argon 
inlet, a magnetic stirrer and a bubbler under argon was charged with 3.2 (0.91 g, 10 
mmol) and dry toluene (12 mL). A solution of M0CI5 (0.01 g, 0.05 mmol) in dry 
toluene (10 mL) was injected through the septum with a syringe . The mixture 
immediately turned red, it was heated to 30 °C and stirred for 24 h at 30 °C. Then 
MeOH (10 mL) was added to the viscous dark red solution in order to terminate 
polymerization. The mixture was poured under argon into 300 mL of MeOH, the 
resulting precipitate was filtrered, washed with MeOH (3 x 10 mL) and dried under 
reduced pressure affording a dark red fibrous solid 3.3 (0.01 g).
iH-NMR (250 MHz; DM SO -*) 5 3.33(s, broad), 5.59 (broad), 6.02 (broad), 
6.49 (broad), 6.68 (broad) ppm.
13c -NMR (62.5 MHz; D M SO -*) S 29.78(broad), 108.71 (broad), 120.63 
(broad), 206.70 (broad) ppm.
FAB: No peaks under 911.1 daltons (decamer) were observed.
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3.4.4 Synthesis o f l-chloro-2,2<N, N'«dipyrrolyl)ethyiene (3 .4 ).
o
K _  ) = (
T H F*^ 5 5  ^  ^
(3.4)
A 250 mL three neck roundbottom flask under argon was charged with clean 
potassium (1.0 g, 0.13 mol) and dry THF (25 mL). Then a solution of dry pyrrole (2.2 
ml, 25 mmol) in dry THF (25 mL) was added dropwise by an addition funnel to the 
potassium dispersion at room temperature with stirring. This suspension was left to 
reflux overnight and allowed to cool to room temperature. Then N-(l,2- 
dichlorovinyOpyrrole 3.1 (4.1 g, 25 mmol) was added dropwise by an addition funnel. 
The mixture was again left to reflux overnight and allowed to cool to room temperature. 
The resulting suspension was concentrated under reduced pressure (1.0 mmHg, 30-32 
°C). The remaining brown liquid solidifled upon cooling. The residue was taken up with 
DCM and filtered through a bed of neutral alumina. The filtrate was concentrated under 
reduced pressure affording a yellow oil which solidified upon cooling 3.4 (2.25 g, 
47%).
iH-NMR (250 MHz; CDCI3) 8 6.06 (s, IH, vinyl CH), 6.31 (t, 7= 2 Hz, 2H, 
pyrrole ring), 6.36 (t, 7= 2 Hz, 2H, pyrrole ring), 6.73 (t, 7= 2 Hz, 2H, pyrrole ring), 
6.90 (t, 7= 2 Hz, 2H, pyrrole ring) ppm.
13c-NMR (62.5 MHz; CDQ3) 899.63,110.27, 110.96,120.54,121.48, 136.53
ppm.
MS, m/z (M+) 192.
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3.4.5 Attempted syndiesis of l,2-(NyN'-dipyrrolyl)acetylene (3 .5 ).
O  »
M  C > — ■<
(3.5)
(3.4)
This synthesis was attempted by the procedure reported by Viehe.^^ In a 250 
mL three neck round bottom flask was placed under argon 3.4 (0.97 g, 5 mmol) and dry 
diethyl ether (10 mL). A solution of LDA (0.54 g, 5 mmol) in dry diethyl ether (50 mL) 
was added dropwise to the previous solution keeping the internal temperature between 0 
and 5 °C. The mixture was stirred at 0 °C for 20 min and allowed to reach room 
temperature. Then H2Û (75 mL) was added and the layers separated. The ether layer 
was dried with MgS0 4  and concentrated under reduced pressure affording a brown oil. 
A sample of the oil was analyzed by GC-MS showing no evidence of formation of the 
desired product
3.4.6 SjrndiesisofN -df^^tridilorovm yO pyrrole (3 .6 ).
K ^  ^  iT " N  a
(3.6)
A 500 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (5.0 g, 0.13 mol) and dry THF (100 mL). To this suspension, 
a solution of dry pyrrole (11 ml, 0.16 mol) in dry THF (100 mL) was added dropwise
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by an addition funnel at room temperature with stirring. The mixture was left to reflux 
overnight and after that allowed to cool to room temperature. Then, tetrachloroethylene 
(50 mL, 0.49 mol) was added dropwise by an addition funnel. The mixture was again 
left to reflux overnight and subsequently allowed to cool to room temperature. The 
resulting suspension was filtered and concentrated under reduced pressure. The 
remaining brown liquid was distilled under vaccum (0.4 nunHg, 30 *C) affording a 
clear colorless liquid 3.6 (17.55 g, 70%).
iH-NMR (200 MHz; CDCI3) 5 6.27 (t, /=  2 Hz, 2H, pyrrole ring), 6.80 (t, /=  2 
Hz, 2H, pyrrole ring) ppm.
13C-NMR (50 MHz; CDCI3) 5 110.93,118.72,121.59,126.58 ppm.
HRMS, calcd 196.9380, obsd 196.9390.
Anal. Calcd for C6H4NCI3: C, 36.68; H, 2.05; N, 7.13; Cl, 54.14. Found: C, 
36.25; H, 2.06; N, 7.07.
3.4.7 Synthesis of trans-l,2-dlchloro>l,2-(N, N'>dipyrrolyl)ethylene ( 3.7 ).
^  ^  ° -  " M "  'W  / /  THF THF Cl
(3.7)
A 500 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (5.0 g, 0.13 mol) and dry THF (100 mL). To this suspension, 
a solution of dry pyrrole (11.0 ml, 0.16 mol) in THF (100 mL) was added dropwise by 
an addition funnel at room temperature. This mixture was left to reflux overnight and 
after that allowed to cool to room temperature. Then 1 -(N-pyrrolyl)-1,2,2-trichloro-
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ethylene 3.6 (15.1 g, 0.08 mol) was added dropwise by an addition funnel with stirring. 
The mixture was left to reflux overnight and allowed to cool to room temperature. The 
resulting suspension was filtered and concentrated under reduced pressure. The remaing 
brown liquid was distilled under vaccum (0.2 mmHg, 70 *C) obtaining a white solid 
(13.5 g, 77%) which turned out to be a mixture of two isomers. Recrystallization with 
diethyl ether affoted a white crystalline solid 3.7 (1.2 g, 7%).
iH-NMR (200 MHz; CDQa) 5 6.32 (t, /=  2 Hz. 4H, pyrrole ring), 6.94 (t, /=  2 
Hz, 4H, pyrrole ring) ppm.
13C-NMR (50 MHz; (D C I3) 5 110.96,121.79,122.41 ppm.
HRMS, calcd 226.0065, obsd 226.0065.
AnaL Calcd for C 10H8N2CI2: C, 52.89; H, 3.55; N, 12.34; Cl. 31.22. Found: C, 
53.06; H, 3.44; N, 12.39.
3.4.8 Synthesis of 1,2>(N, N'*dipyrrolyl)acetylene (3 .5 )
a  u J  
)=(
o  °
BuLi ___
- N
THF
^  (3.5)
(3.7)
A 250 mL round bottom flask equipped with a 20 mL pressure equilizing 
addition furmel, an argon inlet, an oil bubbler, a septum and a magnetic stirring bar 
immersed in a dry ice-acetone bath was charged with trans-1,2-dichloro-1,2-(N, N'- 
dipyrrolyl)ethylene 3.7 (1.0 g, 4.4 mmol) and dry THF (50 mL). A solution 1.6M butyl 
Uthium/THF cannulated into the addition furmel was added dropwise with stirring. 
After 15 min the reaction mixture was quenched with 1 mL of methanol. The mixture 
was allowed to warm to room temperature. The mixture was then concentrated under
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reduced pressure. The remaining solid was taken up with diethyl ether (2 x 15 mL), 
washed with brine (15 mL), dried over MgS0 4  and concentrated under reduced 
pressure. The resulting yellow solid was chromatographed over neutral alumina using 
hexane-chloroform 4:1 as the eluent and sublimed at reduced pressure (40 ‘C, 0.001 
mmHg) to obtain a white solid 3.5 (0.59 g, 86%).
iH-NMR (200 MHz; CDCI3) S 6.21 (t, /=  2 Hz, 4H, pyrrole ring), 6.89 (t, /=  2 
Hz, 4H, pyrrole ring) ppm.
13C-NMR (50 MHz; CDCI3) Ô 110.71,125.57 ppm.
HRMS, calcd 156.0687, obsd 156.0680.
Anal. Calcd forCioHgN2: C, 76.90; H, 5.16; N, 17.94. Found: C, 77.16; H, 
5.21; N, 18.04.
3.4.9 Synthesis of poiy[l,2-(N, N'>dipyrrolyl)acetyiene] ( 3.8 ).
(3.5)
TaClc
Me^Sn
toluene
(3.8)
This polymerization was performed following the procedure reported by 
M a s u d a . ^ 7  a 100 mL round bottom flask under argon was charged with 
tetramethyltin (0.07 g, 0.04 mmol), tantalum pentachloride (0.014 g, 0.04 mmol) and 
dry toluene (10 mL). The mixture was heated at 80 *C for 15 min and cooled to room 
temperature . This solution (1 mL) was added to a solution of 3.5 (0.16 g, 1 mmol) in 
dry toluene ( 1 mL). A red precipitate was formed immediately. The suspension was
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stirred at room temperature overnight and filtered. The red brown precipitate was taken 
up in methanol. Then the methanol was removed under reduced pressure. The residue 
was washed with hexane (10 mL) affording a brown solid (0.05 g).
FAB: 624.9 (tetramer), 780.2 (pentamer), 936.4 (hexamer), 1247.6 (octamer).
3.4.10 Trim erization of 1^*(N, N'*d!pyrrolyl)acetylene ( 3.5 ).
C5H5Co(CO)2
toluene
(3.5) 0 X 0
o
(3.9)
In a 100 mL Schlenk flask was placed under argon 3.5 (0.31 g, 2 mmol), dry 
degassed toluene (10 mL) and cyclopentadienylcobalt dicarbonyl (0.018 g, 0.1 mmol). 
The mixture was refluxed for 36 h, cooled to room temperature and concentrated under 
reduced pressure. The brown residue was fractionally distilled under vaccum (0.05 
mmHg) giving at 110 °C a clear yellow solid (30 mg, 10%) with a M+ =312 (probably 
the dimer) and at 130 'C  a beige solid 3.9 (10 mg, 3%).
iH-NMR (200 MHz; CDCI3) 6 6.07 (t, /=  2 Hz, 12H, pyrrole ring), 6.17 (t, /=  
2 Hz, 12H, pyrrole ring) ppm.
13C-NMR (50 MHz; CDCI3) S 110.58,120.84.134.26 ppm.
MS, m/z (M+) 468.
Anal. Calcd for C30H24N6: C, 76.9; H, 5.16; N, 17.94. Found: C, 76.23; H, 
5.21; N, 17.87.
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3.4.11 Synthesis of l^ A 4 ^ /i-(N , N ', N", N '", N "", N '"‘'-hexapyrroiyl)benzene
(3 .9 ).
K+
►
THF
(3.9)
A 250 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (2.1 g, 54 mmol) and dry THF (50 mL). Then a solution of 
dry pyrrole (4.5 mL, 65 mmol) in dry THF (50 mL) was added dropwise by an 
addition funnel to the potassium dispersion at room temperature with stirring. This 
suspension was left to reflux overnight and after that allowed to cool to room 
temperature. Then a solution of hexafluorobenzene (1.0 g, 5.4 mmol) in dry THF (25 
mL) was added dropwise by an addition funnel. The mixture was again left to reflux 
overnight and allowed to cool to room temperature. The resulting suspension was 
filtered and concentrated under reduced pressure. The remaining solid was taken up 
with DCM (100 mL), washed with water (2 x 50 mL), dried over MgS0 4  and filtered. 
The filtrate was concentrated under reduced pressure affording a white solid 3.9 (2.3 g, 
90%).
iH-NMR (200 MHz; CDCI3) 8 6.07 (t, /=  2 Hz, 12H, pyrrole ring), 6.17 (t, /=  
2 Hz, 12H, pyrrole ring) ppm.
13C-NMR (50 MHz; CDCI3) 8 110.58,120.84,134.26 ppm.
MS, m/z (M+) 468.
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Anal. Calcd for C30H24N6: C, 76.9; H, 5.16; N, 17.94. Found: C, 76.23; H, 
5.21; N, 17.87.
3.4.12 Synthesis of N% N", N"".pentapyrrolyl)benzeiie ( 3.10 ).
K :
THF
(3.10)
A 250 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (2.74 g, 70 mmol) and dry THF (65 mL). Then a solution of 
dry pyrrole (5.8 mL, 84 mmol) in dry THF (65 mL) was added dropwise by an addition 
funnel to the potassium dispersion at room temperature with stirring. This suspension 
was left to refluxed overnight and after that allowed to cool to room temperature. Then 
a solution of pentafluorobenzene (1.68 g, 10 mmol) in dry THF (25 mL) was added 
dropwise by an addition funnel. The mixture was again left to reflux overnight and 
subsequently allowed to cool to room temperature. The resulting suspension was 
filtered and concentrated under reduced pressure. The remaining solid was taken up 
with DCM (100 mL), washed with water (2 x 50 mL), dried over MgS0 4  and filtered. 
The filtrate was concentrated under reduced pressure to produce a white solid 3.10 (4.0 
g,99%).
iH-NMR (250 MHz; CDCI3) 6 6.04 (t, /=  2 Hz, 2H, pyrrole ring), 6.11 (t, /=  2 
Hz, 4H, pyrrole ring), 6.19-6.25(m, J -  2 Hz, lOH, pyrrole ring), 6.49(t, 7= 2 Hz, 4H, 
pyrrole ring), 7.55(s, IH, benzene ring) ppm.
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13C-NMR (62.5 MHz; CDCI3) 8 110.14, 110.63, 110.90, 120.67, 121.12, 
121.36,121.69,130.28,136.68,137.52 ppm.
MS, m/z (M+) 403.
3.4.13 Synthesis of 2 3 ,4,5,6-(N ,N % N ",N '",N ” ".pentapyrrolyl)pyridine (3 .11).
:x!x:
K+
THF
O
(3.11)
A 250 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (3.13 g, 80 mmol) and dry THF (75 mL). Then a solution of 
dry pyrrole (6.6 mL, 95 mmol) in dry THF (75 mL) was added dropwise by an addition 
funnel to the potassium dispersion at room temperature with stirring. This suspension 
was left to reflux overnight and after that allowed to cool to room temperature. Then 
pentafluoropyridine (1.69 g, 10 mmol) was added dropwise by an addition funnel. The 
mixture was again left to reflux overnight and allowed to cool to room temperature. The 
resulting suspension was filtered and concentrated under reduced pressure. The 
remaining solid was taken up with DCM (100 mL), washed with water (2 x 50 mL), 
dried over MgS04 and filtered. The filtrate was concentrated under reduced pressure to 
afford a white solid 3.11 (3.7 g, 92%).
IH-NMR (250 MHz; CDCI3) 5 6.05 (t, /=  2 Hz, 2H, pyrrole ring), 6.16 (t, 7= 2 
Hz, 2H, pyrrole ring), 6.20 (t, 7= 2Hz, 4H, pyrrole ring), 6.26 (t, 7= 2 Hz, 4H, pyrrole 
ring), 6.42 (t, 7= 2 Hz, 4H, pyrrole ring), 6.70 (t, 7= 2 Hz, 4H, pyrrole ring) ppm.
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13c -NMR 5 (62.5 MHz; CDCI3) 110.63, 111.54, 111.63, 119.48, 120.09, 
120.49,121J5146.35.147.29 ppm.
MS, m/z (M+) 404.
3.4.14 Synthesis o f N', N”, N"’, N"”, N....., N"'"\ N....... ^ t a
pyrroIyl)na^thalene (3 .12).
K :
THF
(3.12)
A 250 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (2.35 g, 60 mmol) and dry THF (50 mL). Then a solution of 
dry pyrrole (5 mL, 72 mmol) in dry THF (50 mL) was added dropwise by an addition 
funnel to the potassium dispersion at room temperature with stirring. This suspension 
was left to reflux overnight and after that allowed to cool to room temperature. Then a 
solution of octafluoronaphthalene (1.36 g, 5 mmol) in dry THF (25 mL) was added 
dropwise by an addition funnel. The mixture was again left to reflux overnight and 
subsequently allowed to cool to room temperature. The resulting suspension was 
filtered and concentrated under reduced pressure. The remaining solid was taken up 
with DCM (100 mL), washed with water (2 x 50 mL), dried over MgS04 and filtered. 
The nitrate was concentrated under reduced pressure to produce a bright yellow solid 
3.12(3.1 g, 95%).
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IH-NMR (250 MHz; CDCI3) ô 5.82 (t, 2 Hz, 8H, pyrrole ring). 5.98 (m.
16H, pyrrole ring), 6.19 (t, /=  2 Hz, 8H, pyrrole ring) ppm.
13C-NMR (62.5 MHz; CDCI3) ô 109.77, 110.04, 121.07, 124.29, 127.78, 
133.55,135.95 ppm.
3.4.15 Synthesis of 2,3-(N, N'<dlpyrrolyl)qidnoxaUne < 3.13 ).
X  THF
(3.13)
A 250 mL three neck round bottom flask under argon was charged with N- 
potassium pyrrole (1.9 g, 18 mmol) and THF (50 mL). Then a solution of 2,3- 
dichloroquinoxaline (1.2 g, 6 mmol) in dry THF (30 mL) was cannulated into the flask 
at room temperature with stirring. The reaction mixture was left to reflux overnight and 
allowed to cool to room temperature. The resulting suspension was filtered and 
concentrated under reduced pressure. The remaining brown solid was taken up with 
DCM (100 mL), whasbed with water (2 x 50 mL), dried over MgS0 4  and filtered. The 
filtrate was concentrated under reduced pressure affording a light yellow solid (0.3 g, 
19%).
IH-NMR (250 MHz; CDCI3) S 6.34 (t, /=  2 Hz, 4H, pyrrole ring), 7.00 (m, 4H, 
pyrrole ring), 7.72-7.77 (m, 2H, quinoxaline ring), 8.02-8.08 (m, 2H, quinoxaline ring) 
ppm.
13c-NMR (62.5 MHz; CDCI3) 5 11.72, 120.52,128.25,130.16,139.72,140.54
ppm.
MS, m/z (M+) 260.
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3.4.16 Synthesis of 2^'>(l'*pyrrolinyl)p]rrrole (3 .14).
6  • & I r ù
(3.14)
This compound was prepared by modification of a method of Meijer.3^ In a 500 
mL three neck round bottom flask equipped with a 100 mL pressure equalizing addition 
funnel, an argon inlet, an oil bubbler, a septum, immersed in an ice-water bath was 
placed under argon freshly distilled POCI3 (5.5 mL, 0.06 mol) and DCM (30 mL). Then 
pyrrole (21 mL, 0.3 mol) was added dropwise with stirring. A solution of pyrrolidinone 
(5.5 mL, 0.07 mol) in D(]M (100 mL) cannulated into the addition funnel was added 
dropwise over 1.5 b under vigorous mechanical stirring keeping the internal temperature 
between 0 and 5 °C. The mixture was left stirring at room temperature overnight. The 
mixture was poured in an ice cold solution of NaOAc (200 mL, 3 M) and a solution of 
KOH (10 M) was added slowly while the temperature was maintained at 0 °C until the 
pH reached a value of 10. The organic fraction was separated and wasjhed with H2O (2 
X 100 mL). The aqueous fraction was extracted with CH2CI2 (3 x 100 mL) and the 
combined organic fractions were washed with H2O (2 x 50 mL). Then the combined 
organic fractions washed with KH2PO4 (5 x ICX) mL, 2 M), and the combined aqueous 
fractions were basified to pH 10 and extracted with CH2CI2 (3 x 50 mL). The 
combined CH2CI2 fractions were dried over MgSQ4, filtered and concentrated under 
reduced pressure and sublimed at reduced pressure (0.1 mmHg, 85 ’C) giving a yellow 
solid (15.6 g, 83%).
IH-NMR (250 MHz; CDCI3) 5 1.94-2.07 (m, 2H), 2.87-2.94 (m, 2H), 3.97-4.04 
(m, 2H), 6.23 (t, /=  3 Hz, IH, pyrrole ring), 6.54 (t, J  =2 Hz, IH, pyrrole ring), 6.94 (t, 
/=  2 Hz, IH, pyrrole ring), 8.50 (s, broad, IH, pyrrole ring NH) ppm.
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13c-NMR (62.5 MHz; CDCI3) 8 22.63, 34.82, 60.41, 109.15, 112.96, 121.91, 
127.79,166.22 ppm.
3.4.17 Synthesis of 2^'<bipyrrole (3 .15 ).
(3.14) (3.15)
This compond was prepared by modification of a method of Meijer.^^ In a 250 
mL round bottom flask was placed 3.14 (2.17 g, 16 mmol), 10% Pd/C (7.5 g) and 
diglyme (150 mL). The mixture was refluxed under a slow stream of argon for 6 hours. 
The resulting suspension was filtered hot through a celite pad and rinsed with THF (20 
mL). The filtrate was concentrated under reduced pressure and distilled under vaccum 
(1.5 mmHg, 100-110 °C) giving a yellow solid 3.15 (1J6 g, 74%).
IH-NMR (250 MHz; acetone-^fe) 8 6.06-6.10 (m. 2H), 6.27 (t, 7= 2 Hz, 2H), 
6.72 (t, /=  2 Hz 2H), 10.12 (s, broad, IH, pyrrole ring NH) ppm.
13C-NMR (62.5 MHz; acetone-*) 8 103.73,109.41,117.88, 127.46 ppm.
MS, m/z (M+) 132.
3.4.18 Synthesis of 2-methylpyrrole (3 .16).
f . P
NH2NH2, KOH ^
\  r  HOCH2CH2OH \  /
CH3 
(3.16)
This compound was prepared according to the procedure reported by Hinman.^^ 
In a 500 mL round bottom flask a-pyrrolealdehyde (17.5 g, 0.18 mol), potassium
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hydroxide (35 g, 0.88 mol), ethyleneglycol (235 mL) and hydrazine hydrate (25 mL) 
were heated to reflux for 2.5 hours. A distillation of the mixture was carried out with the 
distillate collected at 195 "C. The distillate was extracted with diethyl ether (2 x 100 
mL), washed with water (2 x 100 mL), dried over anhydrous calcium chloride and 
altered. The filtrate was concentrated under reduced pressure. The residue was 
fractionally distilled (760 irunHg, 147 °Q  to give a clear colorless liquid 3.16 (12.4 g, 
85%).
IH-NMR (250 MHz; acetone-dÿ) 5 2.21 (s, 3H, CH3), 5.76 (m, IH, pyrrole 
ring), 5.94-5.97 (m, IH, pyrrole ring), 6.58 (t, 7= 2 Hz IH, pyrrole ring), 9.53 (s, broad, 
IH, pyrrole ring NH) ppm.
13C-NMR (62.5 MHz; acetone-d^) 8 12.96, 106.37, 108.56, 116.84, 127.74
ppm.
MS, m/z (M+) 81.
3.4.19 Synthesis of N-potassium 2-methylpyrrole (3 .17).
CH.
(3.16) (3.17)
A 250 mL three neck round bottom flask under argon was charged with 0.5 cm 
pieces of clean potassium (3.7 g, 95 mmol) and dry THF (75 mL). To this suspension, a 
solution of dry 2-methylpyrrole (8.1 g, 0.1 mol) in dry THF (50 mL) was added 
dropwise by an addition funnel at room temperature. The mixture was refluxed 
overnight and allowed to cool to room temperature. The resulting suspension was 
filtered uder argon, washed with dry THF (15 mL) and dried under reduced pressure 
giving a white solid 3.17 (10.6 g, 94%).
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3.4.20 Synthesis of 23-[N^'*bis(2-niethylp3nTolyl)]qiiinoxaline (3 .18 ).
(3.17)
H ,C
THF
(3.18)
A 250 mL three neck round bottom flask equipped with a 100 mL pressure 
equalizing addition funel, an argon inlet, an oil bubbler, a septum, under argon was 
charged with 317 (1.8 g, 15 mmol) and dry THF (25 mL). A solution of 2,3- 
dichloroquinoxaline (0.8 g, 4 mmol) dissolved in dry THF (30 mL) cannulated into the 
addition funnel was added dropwise at room temperature with stirring. The reaction 
mixture was refluxed overnight and allowed to cool to room temperature. The resulting 
suspension was filtered under reduced pressure and washed with THF (2 x 10 mL). The 
filtrate was concentrated under reduced pressure. The residue was taken up with diethyl 
ether (2 x 25 mL), washed with water (2 x 20 mL), dried over MgS04 and filtered. The 
filtrate was concentrated under reduced pressure affording a yellow solid 3.18 (0.68 g, 
59%).
1H-NMR (250 MHz; CDCI3) 5 2.20 (s, 6H, methyl), 6.04 (m, 2H, pyrrole ring), 
6.16 (t, 2H, pyrrole ring), 6.51 (t, 2H, pyrrole ring), 7.78-7.83 (m, 2H, quinoxaline 
ring), 8.08-8.12 (m, 2H, quinoxaline ring) ppm.
13C-NMR ( 62.5 MHz; CDCI3 ) Ô 12.64, 76.51, 77.01, 77.27, 77.52, 110.19, 
110.40, 120.18,128.58,130.21,130.47,140.02,142.69 ppm.
MS, m/z (M+) 288.
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3.4.21 Synthesis o f 2^^,6>tetrakis(2*inethylpyiToIyl)pyridine (3 .19).
X I : '  - - S i o :
(3.17)
A 250 mL three neck round bottom flask under argon was charged with 3.17 
(1.8 g, 15 mmol) and dry THF (25 mL). To this suspension, a solution of 2,3,5,6- 
tetrafluoropyridine (0.38 g, 2.5 mmol) was added at room temperature with stirring. The 
suspension was refluxed overnight and allowed to cool to room temperature. The 
resulting suspension was filtered, washed with THF (15 mL) and concentrated under 
reduced pressure. The remaining solid was taken up with DCM (100 mL), washed with 
water (2 x 50 mL), dried over MgS04 and Altered. The filtrate was concentrated under 
reduced pressure. The residue was chromatographed over silica gel (25 g, 60-200 mesh) 
using hexanerDCM 1:1 as the eluent affording a bright yellow solid 3.19 (0.68 g, 69%).
iH-NMR (250 MHz; CDCI3) 8 1.92 (s, 6H, methyl), 2.26 (s, 6H, methyl), 5.96-
6.05 (m, 6H, pyrrole ring), 6.18-6.26 (m, 4H, pyrrole ring), 6.54-6.57 (m, 2H, pyrrole 
ring), 7.80 (s, IH, pyridine ring) ppm.
MS, m/z (M+) 395.
3.5 Attempted Reactions and Future Work
The oxidative coupling of vicinal (N,N'-dipyrrolyl)arenes was attempted using 
different oxidizing agents.^8 in & typical procedure a solution of 3.13 in HOAc was 
stirred with Pd(OAc)2 to reflux overnight A sample of this mixture was analyzed by
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GC-MS showing no evidence of the desired coupled product. Further reserarch 
includes: optimization of the synthesis of 3.5 and its polymerization, synthesis of 3- 
alkylpyrroles, and electrochemical and chemical oxidation of 3.18 and 3.19.
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Table 1. Crystal Data and Collection Parameters for 13-dibromo-l^-cyclooctadiene
(2 .13a).
formula CgHi2Br4
Mr, g m ol'l 266.0
system monoclinic
space group C2/C
a,Â 18.8917(8)
b.Â 4.4858(3)
c, Â 12.7916(8)
P,deg 127.949(5)
V.Â3 892.9(3)
Z 4
De. g/cm3 1.980
cryst size, mm 0.20x0.28x0.33
radiation MoKa
H, cm 'l 89.28
temp, K 298
scan type û>-20
collection range, deg 1-32
no. unique data 1548
no. of variables 67
R, observed 0.069
Rw 0.038
goodness of fit 1.128
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
78
Table 2. Coordinates for 1^-dibromo-l^-cycIooctadiene ( 2.13a ).
Atom i. X I
Br 0.66801(2) 0.48532(8) 0.73984(3) 4.387(9)
C l 0.5866(2) 0.2413(7) 0.7417(2) 3.16(7)
C2 0.5086(2) 0.1867(8) 0.6273(2) 3.34(7)
C3 0.4344(2) -0.0017(8) 0.5999(3) 4.01(8)
C8 0.6275(2) 0.1448(9) 0.8800(3) 3.75(8)
H2 0.498(1) 0.289(6) 0.551(2) 3.4(7)
H3a 0.398(1) -0.050(6) 0.507(2) 4.0(8)
H3b 0.458(2) -0.191(7) 0.650(2) 4.8(8)
H8a 0.652(2) 0.321(8) 0.931(3) 5.5(8)
H8b 0.679(2) 0.017(7) 0.908(3) 6(1)
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Table 3. Crystal Data and Collection Parameters for anti-17,18-bis(methylidene
pentacyclo-[I2.2.Ll6.9.o2.I3.o5,10]octadeca-2(13),5(10)-diene (2.20b ).
formula C24H32
Mr, g mol"! 320.5
system monoclinic
space group C2/C
a,Â 40.675(3)
b ,Â 7.7895(6)
c, Â 12.705(1)
p. deg 106.666(6)
V.Â3 3856.3(11)
Z 8
De, g/cm3 1.104
cryst size, mm 0.38x0.38x0.23
radiation MoKa
H, cm-1 89.28
temp, K 297
scan type ûy-26
collection range, deg 1-25
no. unique data 3403
no. of variables 346
R, observed 0.047
Rw 0.047
goodness of fît 1.979
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Table 4. Coordinates for 17,18-bis(methyIidene)pentacycIo[12.2.1.1^’^ .02.13,05,10]_
octadeca-2(13),5(10)-diene ( 2.20b ).
Atom 2L X £
C l 0.1978(4) 0.3868(3) 0.3714(2) 3.13(4)
C2 0.0589(4) 0.6201(3) 0.3632(2) 3.15(4)
C3 0.1892(5) 0.7091(4) 0.2837(2) 3.51(5)
C4 0.4135(4) 0.5382(4) 0.2386(2) 3.35(4)
C5 0.4074(5) 0.3382(4) 0.2976(2) 3.48(5)
C6 0.1196(4) 0.2292(3) 0.4501(2) 3.48(5)
C7 0.1812(5) 0.2602(4) 0.5689(2) 3.55(5)
C8 0.5976(5) 0.5587(4) 0.1590(2) 3.79(5)
C9 0.8243(5) 0.3737(5) 0.1207(2) 4.77(6)
CIO 0.5866(6) 0.7743(4) 0.1057(2) 5.10(6)
H3 0.126(4) 0.872(3) 0.265(2) 3.9(5)
H5 0.532(4) 0.193(3) 0.288(2) 2.9(4)
H6a 0.222(4) 0.075(3) 0.428(2) 3.6(5)
H6b -0.077(5) 0.250(4) 0.441(2) 4.9(6)
H7a 0.266(4) 0.106(3) 0.598(2) 3.7(5)
H7b 0.326(4) 0.335(4) 0.579(2) 4.8(6)
H9a 0.834(5) 0.225(4) 0.150(2) 6.1(7)
H9b 0.996(6) 0.395(4) 0.144(2) 7.2(8)
H9c 0.793(6) 0.348(5) 0.043(2) 8.8(9)
HlOa 0.535(8) 0.750(6) 0.028(3) 12.0(1)
HlOb 0.742(6) 0.807(5) 0.127(2) 8.3(8)
HlOc 0.428(5) 0.899(4) 0.127(2) 5.5(6)
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Table 5. Crystal Data and Collection Paraeters for 6,13-bis(methylethylidene)tricyclo-
[93.0l»l 1.0^*8]tetradeca-I(14),4,7,11-tetraene ( 2.21 ).
formula C20H24
Mr, g m ol'l 264.4
system triclinic
space group P Î
a ,A 5.139(1)
b, Â 6.352(1)
c, Â 12.384(1)
a , deg 106.666(1)
p. deg 87.55(1)
Y.deg 73.99(1)
V.Â3 388.2(1)
Z 1
Dc, g/cm3 1.131
cryst size, mm 0.28x0.25x0.05
radiation CuKa
H, cm 'l 4.37
temp, K 297
scan type o>—20
collection range, deg 2-75
no. unique data 1599
no. of variables 140
R, observed 0.061
Rw 0.071
goodness of fît 3.287
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Table 6. Coordinates for 6,13-bis(methylethylidene)tricycio[9.3.0l»l k(y*'8]tetra deca-
1(14) ,4.7,11-tettaene ( 2J21 ).
Atom & X 2
C l 0.1978(4) 0.3868(3) 0.3714(2) 3.13(4)
C2 0.0589(4) 0.6201(3) 0.3632(2) 3.15(4)
C3 0.1892(5) 0.7091(4) 0.2837(2) 3.51(5)
C4 0.4135(4) 0.5382(4) 0.2386(2) 3.35(4)
C5 0.4074(5) 0.3382(4) 0.2976(2) 3.48(5)
C6 0.1196(4) 0.2292(3) 0.4501(2) 3.48(5)
C7 0.1812(5) 0.2602(4) 0.5689(2) 3.55(5)
C8 0.5976(5) 0.5587(4) 0.1590(2) 3.79(5)
C9 0.8243(5) 0.3737(5) 0.1207(2) 4.77(6)
CIO 0.5866(6) 0.7743(4) 0.1057(2) 5.10(6)
C Il 0.1978(4) 0.3868(3) 0.3714(2) 3.13(4)
C12 0.0589(4) 0.6201(3) 0.3632(2) 3.15(4)
C13 0.1892(5) 0.7091(4) 0.2837(2) 3.51(5)
C14 0.4135(4) 0.5382(4) 0.2386(2) 3.35(4)
CIS 0.4074(5) 0.3382(4) 0.2976(2) 3.48(5)
C16 0.1196(4) 0.2292(3) 0.4501(2) 3.48(5)
C17 0.1812(5) 0.2602(4) 0.5689(2) 3.55(5)
CIS 0.5976(5) 0.5587(4) 0.1590(2) 3.79(5)
C19 0.8243(5) 0.3737(5) 0.1207(2) 4.77(6)
C20 0.5866(6) 0.7743(4) 0.1057(2) 5.10(6)
C21 0.1978(4) 0.3868(3) 0.3714(2) 3.13(4)
(table con'd)
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C22 0.0589(4) 0.6201(3) 0.3632(2) 3.15(4)
C23 0.1892(5) 0.7091(4) 0.2837(2) 3.51(5)
C24 0.4135(4) 0.5382(4) 0.2386(2) 3.35(4)
H3a 0.4126(4) 0.108(2) 0.704(1) 4.4(4)
H3b 0.3856(4) 0.032(2) 0.596(1) 4.6(4)
H4a 0.3786(4) 0.352(2) 0.709(1) 5.4(4)
H4b 0.3579(4) 0.181(2) 0.709(1) 5.3(4)
H7a 0.3281(4) 0.117(2) 0.331(1) 5.1(4)
H7b 0.3506(4) 0.045(2) 0.443(1) 5.2(4)
H8a 0.3853(4) 0.106(2) 0.329(1) 6.1(5)
H8b 0.3714(4) 0.299(2) 0.308(1) 4.9(4)
B9 0.4287(3) 0.438(2) 0.367(1) 2.9(3)
HlOa 0.4857(4) 0.341(2) 0.447(1) 5.1(4)
HlOb 0.4634(4) 0.169(2) 0.423(1) 4.7(4)
HI la 0.4980(4) 0.308(2) 0.627(1) 5.0(4)
H llb 0.4775(4) 0.126(2) 0.612(1) 4.8(4)
HI2 0.4505(3) 0.367(2) 0.696(1) 3.7(4)
H15a 0.4297(5) 0.728(3) 0.386(2) 7.8(5)
HI5b 0.4550(5) 0.872(3) 0.465(2) 9.9(7)
H15c 0.4170(5) 0.859(3) 0.463(2) 8.7(6)
HI6a 0.4294(5) 0.796(3) 0.681(2) 9.5(6)
H16b 0.4684(5) 0.833(3) 0.677(2) 8.5(6)
HI6c 0.4604(4) 0.656(2) 0.729(1) 6.6(5)
HI7 0.3198(3) 0.508(2) 0.655(1) 4.3(4)
HI8a 0.3653(4) 0.632(2) 0.572(1) 5.7(4)
HI8b 0.3322(4) 0.749(2) 0.550(1) 5.7(4)
(table con'd)
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H19a 0.3513(4) 0.575(2) 0.383(1) 5.0(4)
H19b 0.3180(4) 0.685(2) 0.369(1) 6.2(5)
EI20 0.2958(4) 0.407(2) 0.325(1) 4.6(4)
H23a 0.2362(5) 0.443(3) 0.304(2) 8.4(6)
H23b 0.2161(5) 0.568(3) 0.358(2) 9.8(7)
H23c 0.2127(5) 0.377(3) 0.379(2) 10.5(7)
H24a 0.2325(5) 0.630(3) 0.567(2) 8.7(6)
H24b 0.2632(5) 0.542(3) 0.649(2) 8.5(6)
EÏ24C 0.2276(6) 0.441(3) 0.576(2) 10.5(7)
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Table 7. Crystal Data and Collection Parameters for anti{bis(l,2-ethanediyl)bis[4-(2-
propenyl]hl,2-cyclopentadienyl]}bis[tricarbonylÀenium(I)] ( 2.22 ).
formula RC2C26H2206
Mr, g m ol'l 802.9
system monoclinic
space group P2i/n
a,Â 8.3588(6)
b,Â 12.0875(12)
c, Â 12.7632(8)
P,deg 99.900(6)
V,Â3 1270.3(4)
Z 2
De, g/cm3 2.093
cryst size, mm 0.25x0.10x0.08
radiation M oKa
p., cm'l^ 96.61
temp, K 295
scan Qrpe o)~20
collection range, deg 1-30
no. unique data 3690
no. of variables 179
R, observed 0.031
Rw 0.032
goodness of fît 1.267
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Table 8. Coordinates foranti{is(l,2-ethanediyl)bis[4-(2-propenyl)-l,2-cyclo 
pentadienyl] }bis[tiicarbonylriienium(I)] ( 2.22 ).
Atom & Ï 2 BeqfÀ^l
Re 0.15640(3) 0.32862(2) 0.36254(2) 4.082(5)
oi 0.0082(7) 0.5504(4) 0.2830(4) 6.7(1)
02 0.1857(9) 0.2507(6) 0.1395(5) 9.4(2)
03 -0.1756(7) 0.2198(5) 0.3521(6) 9.8(2)
C l 0.0598(8) 0.4658(6) 0.3108(5) 4.9(2)
C2 0.1689(9) 0.2801(7) 0.2216(6) 6.2(2)
C3 -0.0521(9) 0.2619(7) 0.3540(7) 6.5(2)
C4 0.4207(7) 0.3719(5) 0.4323(5) 3.6(1)
C5 0.3209(7) 0.4134(5) 0.5046(5) 4.0(1)
C6 0.2441(8) 0.3215(5) 0.5418(5) 4.5(1)
C l 0.2988(8) 0.2213(6) 0.4986(5) 4.3(1)
C8 0.4050(7) 0.2562(5) 0.4294(5) 4.0(1)
C9 0.5399(8) 0.4373(6) 0.3801(5) 4.4(1)
CIO 0.3088(7) 0.5297(5) 0.5406(5) 4.3(1)
C II 0.263(1) 0.1045(6) 0.5295(6) 6.4(2)
C12 0.171(1) 0.0917(8) 0.6046(8) 10.7(3)
CI3 0.267(1) 0.0228(7) 0.4454(8) 8.4(3)
H6 0.191(8) 0.327(5) 0.600(5) 8(2)
H8 0.457(6) 0.206(4) 0.388(4) 4(1)
H9a 0.565(6) 0.388(4) 0.333(4) 4(1)
H9b 0.492(7) 0.491(5) 0.338(5) 6(2)
HlOa 0.224(6) 0.537(5) 0.571(4) 5(1)
(table con'd)
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HlOb 0.282(6) 0.585(4) 0.485(4) 4(1)
H12a 0.1452 0.0195 0.6263 13
H12b 0.1301 0.1547 0.6359 13
H13a 0.1618 0.0169 0.4031 10
H13b 0.2982 -0.0469 0.4764 10
H13c 0.3423 0.0454 0.4020 10
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Table 9. Crystal Data and Collection Parameters for l-chloro-2,2-(N, N' -di
pyrrolyl)ethylene. (3 .4  ).
formula C 10H9N2CI
Mr, g mol’ l 192.7
system monoclinic
space group P21/C
a,Â 8.5342(14)
b,Â 10.1882(7)
c,Â 11.1748(9)
P.deg 98.115(9)
V,Â3 961.9(3)
Z 4
De, g/cm3 1.329
cryst size, mm 0.45x0.25x0.22
radiation CuKa
H, cm-1 31.6
temp, K 296
scan type (0-20
collection range, deg 2-75
no. unique data 1978
no. of variables 155
R, observed 0.055
Rw 0.057
goodness of fit 1.808
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Table 10. Coordinates for I-chloro-2^-(N, N' -dipyiroIyl)ethylene. ( 3.4 ).
Atom & 2 Beq(Â^
CL 0.09655(9) 0.53059(6) 0.32022(7) 6.07(2)
NI 0.5129(3) 0.3524(2) 0.3382(2) 4.16(4)
N2 0.2925(3) 0.2992(2) 0.4361(2) 4.34(4)
C l 0.2902(3) 0.4965(2) 0.3156(2) 4.74(5)
C2 0.3617(3) 0.3868(2) 0.3620(2) 4.15(5)
C3 0.5733(3) 0.3755(2) 0.2324(2) 4.60(5)
C4 0.7265(3) 0.3423(2) 0.2484(3) 5.19(6)
C5 0.7649(3) 0.2956(2) 0.3677(3) 5.25(6)
C6 0.6350(3) 0.3023(2) 0.4204(2) 4.83(5)
C7 0.2739(4) 0.1660(2) 0.4161(2) 5.14(6)
C8 0.1977(4) 0.1166(2) 0.5033(3) 5.79(6)
C9 0.1660(4) 0.2202(3) 0.5801(2) 5.51(6)
CIO 0.2257(4) 0.3307(2) 0.5372(2) 5.18(6)
HI 0.347(3) 0.551(2) 0.276(2) 4.9(5)
H3 0.516(3) 0.396(3) 0.165(2) 6.2(6)
H4 0.788(3) 0.344(2) 0.190(2) 5.5(6)
H5 0.867(3) 0.273(2) 0.397(2) 4.6(5)
H6 0.605(3) 0.287(2) 0.498(2) 4.8(5)
H7 0.302(3) 0.129(2) 0.357(2) 4.2(5)
H8 0.158(4) 0.028(3) 0.512(3) 7.6(8)
H9 0.115(4) 0.220(4) 0.653(2) 8.8(9)
HIO 0.231(3) 0.413(3) 0.563(2) 6.3(7)
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Table 11. Crystal Data and Collection Parameters for trans-1,2-dichloro-1,2-(N, N'
-dipyrrolyl)ethylene (3 .7 ).
formula C 10H8N2CI2
Mr, g mol’ l 227.1
system monoclinic
space group P2i/n
a,Â 5.6871(4)
b.Â 16.0001(9)
c, Â 6.0038(2)
P, deg 109.085(5)
V,Â3 516.27(11)
Z 2
Dc, g/cm3 1.458
cryst size, mm 0.58x0.42x0.15
radiation MoKa
p. cm-1 5.9
temp, K 296
scan type (0-26
collection range, deg 1-30
no. unique data 1505
no. of variables 90
R, observed 0.031
Rw 0.035
goodness of fît 1.458
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Table 12. Coordinates for trans-I,2-dichIoro-I,2-(N, N’-dipyrroIyl)ethylene ( 3.7 ).
Atom & X 2
CL 0.15441(6) 0.56007(2) 0.31364(6) 4.149(7)
N 0.5643(2) 0.58834(8) 0.7085(2) 4.28(3)
C la 0.443(3) 0.5347(1) 0.5148(3) 3.09(4)
C lb 0.5944(6) 0.5099(2) 0.5935(6) 3.03(7)
C2 0.7567(3) 0.64333(9) 0.7377(3) 4.47(3)
C3 0.7635(3) 0.69364(9) 0.9183(3) 5.21(4)
C4 0.5732(3) 0.6698(1) 1.0020(3) 5.53(4)
C5 0.4516(3) 0.6053(1) 0.8723(3) 4.94(4)
H2 0.852(3) 0.641(1) 0.640(3) 6.0(4)
H3 0.874(3) 0.735(1) 0.968(3) 7.1(5)
H4 0.547(3) 0.691(1) 1.122(3) 7.3(5)
H5 0.325(3) 0.574(1) 0.879(3) 6.7(5)
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Table 13. Crystal Data and Collection Parameters for l,2-<NJJ’-dipyrrDlyl)acetylene
(3 .5 ).
formula C 10H8N2
Mr, g mol‘l 156.2
system monoclinic
space group P21/C
a,Â 7.8365(6)
b,Â 10.1543(7)
c,Â 11.0077(9)
p.deg 93.867(7)
V ,â 3 873.9(2)
Z 4
De, g/cm3 1.186
cryst size, mm 0.40x0.35x0.22
radiation CuKa
p, cm-1 5.4
temp, K 297
scan type ©-20
collection range, deg 2-75
no. unique data 1739
no. of variables 142
R, observed 0.046
Rw 0.052
goodness of fît 2.257
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Table 14. Coordinates for I^-(N , N’-dipyrroIyI)acetylene ( 3.5 ).
Atom & X 2
N1 0.2121(1) 0.6590(1) 0.6950(1) 4.96(2)
N2 0.2961(1) 0.3155(1) 0.5552(1) 4.99(2)
C l 0.2439(2) 0.5388(1) 0.6480(1) 5.05(3)
C2 0.2683(2) 0.4352(1) 0.6047(1) 5.04(3)
C3 0.2943(2) 0.7142(2) 0.7967(1) 6.41(4)
C4 0.2255(2) 0.8343(2) 0.8113(2) 7.48(4)
C5 0.0994(2) 0.8547(2) 0.7175(2) 7.12(4)
C6 0.0919(2) 0.7472(2) 0.6470(1) 6.07(3)
C7 0.2372(2) 0.1959(1) 0.5956(1) 5.65(3)
C8 0.2904(2) 0.1020(1) 0.5206(1) 6.32(4)
C9 0.3839(2) 0.1626(2) 0.4311(1) 6.36(4)
CIO 0.3862(2) 0.2930(2) 0.4534(1) 5-68(3)
H3 0.380(2) 0.669(1) 0.839(1) 7.7(4)
H4 0.263(2) 0.889(2) 0.874(1) 10.2(5)
H5 0..025(2) 0.928(2) 0.701(1) 10.2(5)
H6 0.030(2) 0.724(1) 0.569(1) 8.0(4)
H7 0.173(2) 0.191(1) 0.667(1) 6.3(3)
H8 0.271(2) 0.012(1) 0.533(1) 9.0(4)
W 0.445(2) 0.127(1) 0.366(1) 8.5(4)
HIO 0.431(2) 0.366(1) 0.418(1) 7.3(4)
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Table 15. Crystal Data and Collection Parameters for I A3,4,5,6-(N, N’, N", N"’, N"",
N"'" -hex^yrrolyl)benzene ( 3.9 ).
formula C30H24N6
Mr, g m ol'l 468.6
system orthodiombic
space group Pna2i
a,Â 10.4376((7)
b, Â 19.8787(10)
c,Â 11.8454(8)
V,Â3 2457.8(5)
Z 4
De, g/cm3 1.266
cryst size, mm 0.22x0.12x0.03
radiation CuKa
(1, cm-1 5.8
temp, K 297
scan type ©-26
collection range, deg 2-75
no. unique data 3837
no. of variables 325
R, observed 0.047
Rw 0.041
goodness of fit 1.400
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Table 16. Coordinates for 1,2J,4^,6-(N , bP, N”, N"'. N"". N"'" -hexapyrrolyl)benzene
Atom S. Ï 2 BeqfÂ^
NI 0.7156(3) 0.3592(1) 0 3.46(6)
N2 0.6308(2) 0.2743(1) 0.1772(2) 3.21(5)
N3 0.6168(2) 0.3245(1) 0.3984(2) 3.06(5)
N4 0.6800(2) 0.4597(1) 0.4440(2) 3.30(5)
N5 0.7576(3) 0..5444(I) 0.2637(2) 3.25(5)
N6 0.7926(2) 0.4918(1) 0.0491(2) 3.36(5)
C l 0.7080(3) 0.3835(1) 0.1120(2) 2.97(6)
C2 0.6663(3) 0.3421(1) 0.1989(2) 2.93(6)
C3 0.6575(3) 0.3673(1) 0.3095(2) 2.83(6)
C4 0.6904(3) 0.4341(1) 0.3319(2) 3.07(6)
C5 0.7330(3) 0.4752(1) 0.2440(2) 3.15(6)
C6 0.7455(3) 0.4495(1) 0.1356(2) 3.13(6)
C7 0.8239(3) 0.3572(2) -0.0661(3) 4.39(8)
C8 0.7893(4) 0.3359(2) -0.1701(3) 5.18(9)
C9 0.6581(4) 0.3244(2) -0.1692(3) 5.49(9)
CIO 0.6113(3) 0.3389(1) -0.0651(3) 4.18(9)
C II 0.7062(3) 0.2269(1) 0.1232(3) 3.78(7)
CI2 0.6452(3) 0.1666(1) 0.1279(3) 4.41(8)
CI3 0.5298(3) 0.1765(2) 0.1860(3) 4.57(8)
C14 0.5226(3) 0.2421(2) 0.2169(3) 3.99(7)
C15 0.6800(3) 0.2683(1) 0.4363(3) 4.10(8)
C16 0.6105(4) 0.2403(2) 0.5206(3) 4.81(8)
(table con'd)
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C17 0.5015(3) 0.2802(2) 0.5352(3) 4.81(8)
C18 0.5065(3) 0.3316(2) 0.4599(3) 4.13(8)
C19 0.7295(3) 0.4305(2) 0.5405(3) 4.25(8)
C20 0.6939(4) 0.4695(2) 0.6291(3) 5.00(9)
C21 0.6209(3) 0.5234(2) 0.5880(3) 4.93(9)
C22 0.6136(3) 0.5170(2) 0.4738(3) 4.21(8)
C23 0.8522(3) 0.5713(2) 0.3298(3) 4.22(8)
C24 0.8371(4) 0.6385(2) 0.3322(3) 4.78(8)
C25 0.7294(4) 0.6544(1) 0.2670(3) 4.70(8)
C26 0.6814(3) 0.5960(2) 0.2250(3) 3.96(7)
C27 0.9102(3) 0.5236(2) 0.5010(3) 4.30(8)
C28 0.9193(3) 0.5615(2) -0.0441(3) 4.96(9)
C29 0.8057(4) 0.5541(2) -0.1061(3) 4.91(8)
C30 0.7292(3) 0.5111(2) -0.0480(3) 4.40(8)
H7 0.9081 0.3687 -0.047 5
H8 0.8448 0.3298 -0.2328 6
H9 0.6089 0.3089 -0.2314 7
HIO 0.5246 0.3357 -0.0412 5
HU 0.7868 0.2351 0.0887 4
H12 0.6752 0.1253 0.0973 5
H13 0.4672 0.1429 0.2012 5
H14 0.4550 0.2623 0.2585 5
HIS 0.7592 0.2518 0.4082 5
H16 0.6317 0.2009 0.5619 6
H17 0.4352 0.2726 0.5886 6
H18 0.4446 0.3663 0.4513 5
(table con’d)
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H19 0.7792 0.3905 0.5441 5
H20 0.7147 0.4615 0.7060 6
H21 0.5832 0.5581 0.6319 6
H22 0.5706 0.5466 0.4236 5
H23 0.9174 0.5467 0.3675 5
H24 0.8900 0.6695 0.3712 6
H25 0.6959 0.6982 0.2543 6
H26 0.6085 0.5915 0.1775 5
H27 0.9733 0.5197 0.1083 5
H28 0.9905 0.5884 -0.0650 6
H29 0.7859 0.5752 -0.1758 6
EDO 0.6461 0.4966 -0.0703 5
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Table 17. Crystal Data and Collection Parameters for 1^3,4^.6,7,8-(N , N*, N", N"',
N"". N"'", N""". N* -octapytrolyl)naphthalene ( 3.12 ).
formula C42H32N8
Mr, g m ol'l 648.8
system tetragonal
space group P4i2i2
a ,Â 11.6255(9)
c ,Â 25.787(3)
V,Â3 3485.1(9)
Z 4
De, g/cm3 1.236
cryst size, mm 0.58x0.65x0.65
radiation MoKa
11, cm-1 0.71
temp, K 298
scan Qrpe m-26
collection range, deg 1-27.5
no. unique data 2360
no. of variables 292
R, observed 0.034
Rw 0.030
goodness of fit 1.125
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Table 18. Coordinates for I,23,43.6,7,8-(N , N*. N", N"’, N"'\ N"'", N , N"
-octapyrroIyI)naphthalene ( 3.12 ).
Atom i. X 2 BeqfÀ^
N1 0.7680(1) 0.8769(1) 0.04353(5) 2.72(3)
N2 0.5760(1) 0.8820(1) 0.10628(5) 2.75(3)
N3 0.3859(1) 0.7419(1) 0.08459(5) 3.06(3)
N4 0.4041(1) 0.5691(1) 0.00910(5) 2.61(3)
C l 0.6836(2) 0.7898(2) 0.03662(6) 2.37(3)
C2 0.5862(2) 0.7966(2) 0.06712(6) 2.49(4)
C3 0.4916(2) 0.7213(2) 0.05876(6) 2.45(4)
C4 0.5029(2) 0.6322(2) 0.02478(6) 2.36(3)
C5 0.6104(2) X 0 2.28(3)
C6 0.6972(2) X 0 2.27(3)
C7 0.7480(2) 0.9934(2) 0.03871(7) 3.67(4)
C8 0.8421(2) 1.0494(2) 0.05531(8) 4.83(6)
C9 0.9228(2) 0.9670(2) 0.07187(8) 4.64(5)
CIO 0.8756(2) 0.8619(2) 0.06489(7) 3.41(4)
C ll 0.4938(2) 0.9667(2) 0.10965(7) 3.57(4)
C12 0.5120(2) 1.0259(2) 0.15392(7) 4.40(5)
C13 0.6061(2) 0.9766(2) 0.17898(7) 4.87(6)
C14 0.6449(2) 0.8885(2) 0.14932(7) 3.67(4)
CIS 0.2860(2) 0.7783(2) 0.06187(8) 4.52(5)
C16 0.2050(2) 0.7857(2) 0.0994(1) 6.25(6)
C17 0.2558(2) 0.7531(2) 0.14640(9) 5.98(6)
C18 0.3667(2) 0.7260(2) 0.13691(8) 4.34(5)
(table con'd)
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C19 0.3635(2) 0.5741(2) -0.04104(7) 3.17(4)
C20 0.2594(2) 0.5240(2) -0.04246(8) 4.10(5)
C21 0.2343(2) 0.4857(2) 0.00762(8) 4.33(5)
C22 03228(2) 0.5152(2) 0.03885(7) 3.48(4)
H7 0.678(2) 1.024(1) 0.0228(6) 4.0(4)
H8 0.856(2) 1.126(2) 0.0537(6) 5.3(5)
H9 0.992(2) 0.983(2) 0.0876(7) 7.2(6)
HID 0.901(2) 0.785(2) 0.0730(6) 5.0(5)
H ll 0.439(2) 0.974(2) 0.0813(5) 3.8(4)
H12 0.465(2) 1.083(2) 0.1665(6) 5.9(5)
H13 0.641(2) 1.002(2) 0.2120(7) 6.9(6)
H14 0.708(2) 0.838(2) 0.1518(6) 4.8(5)
H15 0.281(2) 0.798(2) 0.0261(5) 4.7(5)
H16 0.137(2) 0.811(2) 0.0946(8) 9.5(7)
H17 0.223(2) 0.755(2) 0.1825(7) 9.7(7)
H18 0.435(2) 0.711(2) 0.1602(7) 6.1(5)
H19 0.408(1) 0.607(1) -0.0679(5) 2.6(4)
H20 0.214(2) 0.518(2) -0.0715(6) 4.8(5)
H21 0.172(2) 0.444(2) 0.0203(6) 4.1(4)
EÎ22 0.337(1) 0.503(1) 0.0747(5) 3.1(4)
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Table 19. Crystal Data and Collection Parameters for 1A3,4^,6,7,8-(N, N*, N”, N’",
N"". N”"', N”"”, N""’" -octapyrrolyl)napbthalene chloroform solvate ( 3.12a ).
formula C42H32N8 CHCI3
Mr, g m ol'l 768.2
system monoclinic
space group P2i/n
a,Â 13.3090(8)
b,Â 14.6973(8)
c,Â 19.5822(13)
p.deg 95.569(5)
V,Â3 3812.3(7)
Z 4
De, g/cm3 1.338
cryst size, mm 0.30x0.30x0.20
radiation CuKa
11, cm-1 25.4
temp, K 297
scan type (û—29
collection range, deg 2-75
no. unique data 7845
no. of variables 620
R, observed 0.054
Rw 0.055
goodness of fît 2.190
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Table 20. Coordinates for 1,2,3,44,6,7,8-(N, N*, N", N"', N"", N , N""", N"
-octapyrrolyI)naphthalene chloroform solvate ( 3.12a ).
Atom 2L X 2 Beq(A2
NI 0.3981(1) 0.0126(1) 0.3780(1) 3.14(4)
N2 0.5266(1) -0.1372(1) 0.3852(1) 3.22(4)
N3 0.7231(1) -0.1144(1) 0.3628(1) 3.50(4)
N4 0.8132(1) 0.0595(1) 0.3566(1) 3.36(4)
N5 0.7913(1) 0.2227(1) 0.4250(1) 3.17(4)
N6 0.6692(1) 0.3796(1) 0.4054(1) 3.19(4)
N7 0.4636(1) 0.3601(1) 0.3573(1) 3.20(4)
N8 0.3816(1) 0.1913(1) 0.3258(1) 4.06(4)
C l 0.5030(2) 0.0261(1) 0.3720(1) 2.95(4)
C2 0.5652(2) -0.0487(1) 0.3757(1) 3.02(4)
C3 0.6701(2) -0.0369(1) 0.3698(1) 3.06(4)
C4 0.7113(2) 0.0487(1) 0.3705(1) 2.98(4)
C5 0.6903(2) 0.2154(1) 0.3945(1) 2.91(4)
C6 0.6093(2) 0.2918(1) 0.3895(1) 2.96(4)
C l 0.5250(2) 0.2813(1) 0.3669(1) 3.01(4)
C8 0.4830(2) 0.1971(1) 0.3558(1) 3.10(4)
C9 0.5422(2) 0.1166(1) 0.3679(1) 2.90(4)
CIO 0.6497(2) 0.1274(1) 0.3781(1) 2.82(4)
C II 0.3345(2) -0.0450(2) 0.3390(1) 3.78(5)
C12 0.2464(2) -0.0495(2) 0.3681(1) 4.45(6)
C13 0.2558(2) 0.0054(2) 0.4277(2) 4.53(6)
C14 0.3492(2) 0.0423(2) 0.4330(1) 3.86(5)
(table con'd)
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C15 0.5364(2) -0.2118(2) 0.3433(1) 4.23(6)
C16 0.4926(2) -0.2839(2) 0.3717(2) 4.78(6)
C17 0.4537(2) -0.2537(2) 0.431*(1) 4.64(6)
C18 0.4747(2) -0.1637(2) 0.4395(1) 3.87(5)
C19 0.7758(2) -0.1379(2) 0.3046(2) 4.74(6)
C20 0.8297(2) -0.2153(2) 03182(2) 6.08(8)
C21 0.8199(2) -0.2401(2) 03858(2) 5.97(8)
C22 0.7592(2) -0.1776(2) 0.4128(2) 4.70(6)
C23 0.8392(2) 0.0969(2) 0.2959(1) 4.29(6)
C24 0.9403(2) 0.0851(2) 0.2942(2) 5.76(7)
C25 0.9768(2) 0.0399(2) 0.3543(2) 6.06(8)
C26 0.8983(2) 0.0234(2) 03920(2) 4.53(6)
C ll 0.8729(2) 0.2633(2) 0.3990(1) 4.04(5)
C28 0.9524(2) 0.2565(2) 0.4483(2) 5.19(7)
C29 0.9195(2) 0.2130(2) 03054(2) 5.30(6)
C30 0.8205(2) 0.1925(2) 0.4905(1) 4.10(5)
C31 0.6539(2) 0.4557(2) 0.3639(1) 3.93(5)
C32 0.6998(2) 0.5267(2) 0.3970(2) 4.72(6)
C33 0.7459(2) 0.4952(2) 0.4603(1) 4.72(6)
C34 0.7266(2) 0.4055(2) 0.4649(1) 3.93(5)
C35 0.4214(2) 0.3930(2) 0.2953(1) 4.11(5)
C36 0.3683(2) 0.4688(2) 0.3072(1) 4.55(6)
C37 0.3768(2) 0.4829(2) 0.3781(2) 4.60(6)
C38 0.4353(2) 0.4160(2) 0.4083(1) 4.04(5)
C39 0.3582(2) 0.1648(2) 0.2578(2) 6.00(7)
C40 0.2592(2) 0.1831(2) 0.2405(2) 8.56(9)
(table con’d)
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C41 0.2209(2) 0.2211(2) 0.2987(2) 8.5(1)
C42 0.2964(2) 0.2274(2) 0.3493(2) 5.83(8)
CLl 1.02435(7) 0.58325(6) 0.42293(5) 7.10(2)
CL2 0.91655(7) 0.51614(9) 0.30004(5) 8.93(3)
CL3 1.09819(8) 0.42781(7) 0.35693(6) 8.83(3)
CIS 0.9908(2) 0.4872(2) 0.3755(2) 5.32(7)
H ll 0.354(2) -0.076(2) 0.299(1) 4.6(6)
H12 0.189(2) -0.087(2) 0.349(1) 5.7(6)
H13 0.201(2) 0.015(2) 0.456(1) 8.0(8)
H14 0.384(2) 0.086(2) 0.467(1) 4.8(6)
H15 0.565(2) -0.206(2) 0.300(1) 6.9(7)
H16 0.485(2) -0.347(2) 0.352(1) 5.5(6)
HIT 0.422(2) -0.288(2) 0.462(1) 6.2(7)
HIS 0.457(2) -0.119(2) 0.472(1) 5.8(6)
H19 0.768(2) -0.104(2) 0.267(1) 7-4(8)
H20 0.865(2) -0.246(2) 0.284(2) 9.2(9)
H21 0.847(2) -0.292(2) 0.417(1) 7.5(8)
H22 0.736(2) -0.175(2) 0.455(1) 6.7(7)
H23 0.787(2) 0.125(2) 0.264(1) 5.6(6)
H24 0.980(2) 0.107(2) 0.259(2) 9.7(9)
H25 1.041(2) 0.024(2) 0.369(2) 9.0(9)
H26 0.893(2) -0.006(2) 0.433(1) 4.3(5)
H27 0.863(2) 0.291(2) 0.353(1) 5.3(6)
H28 1.023(2) 0.279(2) 0.442(1) 7.7(8)
H29 0.958(2) 0.200(2) 0.548(1) 7.7(8)
H30 0.778(2) 0.164(2) 0.516(1) 6.3(7)
(table con'd)
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H31 0.619(2) 0.452(2) 0.318(1) 5.5(6)
H32 0.701(2) 0.590(2) 0.380(1) 6.1(7)
H33 0.781(2) 0.526(2) 0.494(1) 5.6(6)
H34 0.745(2) 0.363(2) 0.498(1) 4.5(6)
H35 0.434(2) 0.363(2) 0.257(1) 6.1(7)
H36 0.333(2) 0.505(2) 0.270(1) 8.4(8)
H37 0.351(2) 0.530(2) 0.401(1) 6.0(7)
H38 0.463(2) 0.408(2) 0.454(1) 4.3(5)
H39 0.407(3) 0.131(2) 0.233(2) 12(1)
H40 0.214(3) 0.171(2) 0.194(2) 12(1)
H41 0.161(3) 0.233(2) 0.302(2) 12(1)
H42 0.303(2) 0.244(1) 0.396(1) 3.8(5)
HIS 0.955(2) 0.452(2) 0.399(2) 8.5(9)
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